Google 


This  is  a  digital  copy  of  a  book  lhal  w;ls  preserved  for  general  ions  on  library  shelves  before  il  was  carefully  scanned  by  Google  as  pari  of  a  project 

to  make  the  world's  books  discoverable  online. 

Il  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  thai  was  never  subject 

to  copy  right  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  dillicull  lo  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  lo  a  library  and  linally  lo  you. 

Usage  guidelines 

Google  is  proud  lo  partner  with  libraries  lo  digili/e  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  lo  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  panics,  including  placing  Icchnical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  n  on -commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  thai  you  use  these  files  for 
personal,  non -commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  lo  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  lile  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use.  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 

countries.  Whether  a  book  is  slill  in  copyright  varies  from  country  lo  country,  and  we  can'l  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  I  lie  lull  lexl  of  1 1  us  book  on  I  lie  web 
al|_-.:. :.-.-::  /  /  books  .  qooqle  .  com/| 


at 

J7$ 


•  •. 


>  •  • 


»  • 


QCl 


5U 


•  iVi 


79 


?UuJULbl. 

«5       7.7.      "   *-    * 

ADVERTISEMENT. 

Speedily  will  be  Puhlijheit  in  one  volumet  Quarto, 

MICROSCOPICAL     ESSAYS. 

CONTAINING 

1 .  A  concife  Hiftory  of  the  Invention  and  Im- 
provements of  the  Mkrofcope. 

2.  A  praftical  Defcription  of  the  moft  improved 
Microfcopes. 

3.  lnftrudtions  for  ufing  the  Micxofcope,  and 
preparing  the  Objedts. 

4.  A  general  Hiftory  of  Infedts. 

5.  An  Account  of  the  various  Species  of  the 
Hydra,  or  frefli-water  Polype. 

6.  A  Defcription  of  upwards  of  300  Animal* 
cula. 

7.  An  Account  of  the  Conftrudtion  of  Timber 
as  viewed  by  the  Microfcope. 

Illuftrated  with  a  great  Number  of  Plates  repre- 
fenting  the  Objedts  and  Inftruments  for  ob- 
ferving  them. 
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ASTRONOMICAL 

AND 

* 

GEOGRAPHICAL  ESSAYS, 

CONTAINING 

j.  An  Introduction  to  Aftronopiy. 

2.  The  Ufc  of  the  Globes,  in  which  the  various 
Conftru<ftions  at  prefent  made  Ufe  of  will  be 
defcribed  and  explained. 

3,  The  Defcription  and  Ufe  of  the  Sphere,  Or- 
rery,  Tellurian,  and  other  Inftruments,  de- 
fined to  facilitate  the  Study  of  Aftronomy  ancj 
Geography. 
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P    R    E    F    A    C     £- 

TTmay  be  eafily  ptrccrved  by  the  title  of  this  • 
■*■  work,  that  it  is  not  offered  to  the  public  as  a 
finifhed  piece  on  the  fubjeft.  To  treat  of  the' 
theory  and  pra&ice  of  ek&ricity,  in  the  fulled  ■ 
manner,  would  require  a  larger  treatife,  and  em-* 
ploy  more  time  than  I  can  devote  to  a  work  of 
this  kind. 

The  fcience  of  eledtricky  is  flow  generally  ac- 
knowledged to  be  ufeful  and  important  ;•  and 
there  is  great  reafbn  to  think,  that  at  a  future 
period  it  will  be  looked  up  to  as  the  fource  from 
whence  the  principles  and  properties  of  natural 
philofophy  muft  be  derived.  It's  utility  to  man 
will  not  be  inferior  to  it's  dignity  as  a  fcience. 

I  have  not  attempted  to  trace  ele&ricity  from 
it's  firft  rude  beginnings,  or  to  follow  the  mind 
of  man  in  it's  various  and  irregular  wanderings, 
in  fearch  of  the  laws  by  which  it  a£ts,  and  thdj 
fource  from  whence  it  is  derived,  as  this  has  been 
fo  well  executed  by  Dr.  Prieftley.  Our  view  of 
things  is  fo  circumfcribed,  and  the  myfteries  of 
nature  fo  profound,  that  it  is  not  eafy  for  us  to 
determine,  whether  the  received  theory  is  folded 
on  the  bafis  of  truth,  and  conformable  to  nature, 

a  2  or 


VI 


PREFACE. 


s 


or  whether  we  (hall  be  confidercd,  by  future  phi- 
lofophers,  as  mere  children,  amufed  and  fatisr 
fied  with    imperfed  opinions  ai>d    ill-digeftpd 
theories.     When  a  variety  of  things  are  mixed 
together,  which  have  little  or  no  conned  ion,  they 
naturally  create  confufion.    It  has  been  my  en- 
deavour, in  the  following  effay,  to  colled  and 
arrange,  in  a  methodical  and  concife  manner, 
the  efiential  parts  of  cleftricity,  by  thefe  means 
to  render  it's  application  eafy,  plea&nt,  and  ob- 
vious to  the  young  pra&itioncr ;  and  by  bring, 
ing  together  experiments  of  the  fame  kind,  make 
them  mutually  illuftrate  each  other,  and  thus 
point  put  the  ftrength,  or  difcover  the  weaknefs, 
of  the  theories   that  have  been  deduced  from 
*them.    Though  the  nature  and  confined  limits 
of  my  plan  did  not  admit  of  much  variety  of  ob- 
servation, or  a  formal  enumeration  of  every  par- 
ticular, yet  few  things,  I  hope,  of  ufe  and  im- 
portance have  been  omitted. 

As  I  do  not  wifh  to  incur  the  imputation  of 
plagiarifm,  I  with  pleafure  acknowledge  the  af- 
fiftance  I  have  received  from  the  different  authors 
who  have  written  on  this  fubjedt.  I  have  ufed  an 
unreferved  freedom,  in  fele&ing  from  their  works 
whatever  I  found  to  anfwer  my  purpofe.  I  am 
particularly  obliged  to  Sir  Jofeph  Banks,  for  his 
politenefs  in  lending  me  H  Lcs  Memoires  do 
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r Academic  de  Berlin,"  for  1780,  atatimewhej* 
I  could  not  procure  them  e}fe\yhere. 

The  various  interruptions  and  <i  vocations,  from 
which,  as  a  tradefmao,  J  cannot  be  exempt,  wjil, 
I  hope,  induce  the  reader  to  majce  (ogif  favour- 
able allowances  for  any  errors  which  he  jnay  dif. 
cover,  and  kindly  correct  thepn  for  himfelf. 

Being  encouraged  by  the  very  rapid  frle  of  th* 
firft  edition  of  this  work,  to  offer  another  to  the 
public,  I  have  endeavoured  to  render  it  men 
pprfeft  by  fuch  additions  and  ^t*  rations,  as  either 
occurred  to  nay  own  jnind,  or  were  fuggefted  to 
rpe  by  others.  The  reader  will  find  mo  ft  of  the 
chapters  either  enlarged  by  the  addition  of  new 
nfiatter,  or  improved  by  a  different  arrangement 
of  the  ol4  5  more  particularly,  the  chapters  on 
medical  eledhicity  and  the  Leydcn  phial. — The 
eflay  on  magnetifm  is  alfo  confidently  enlarged  ; 
for  the  prefent  difpofition  and  order  of  treating 
it,  I  am  indebted  to  the  ingenious  and  kind  hints 
of  Dr.  Lorimer.  The  additions  are  illuftrated 
by  two  new  plates,  and  an  engraved  frontifpicce* 

I  have  been  engaged  by  my  friends  to  prefix 
an  introduction  to  this  work,  in  order  to  render 
it  more  ufeful  to  thofe  who  are  not  already  ac- 
quainted  with  the  principles  of  this  fcience,  to 
which  I  have  fubjoined  an  account  of  the  prin- 
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cipal  difcoveries  that  have  been  made  in  cle&ri- 
city,  lince  the  publication  of  thefe  eflays. 

I  beg  leave  to  avail  myfelf  of  this  opportunity 
to  inform  the  public,  that  I  am  engaged  in  ar- 
ranging and  preparing  for  the  prefs  different 
eflays  on  the  mechanical  parts  of  mathematical 
and  philofophical  learning,  and  explaining  the 
various  ufes  of  the  different  inftruments  in  their 
prefent  ftate  of  improvement;  which,  I  truft, 
will  greatly  tend  to  facilitate  the  attainment  of 
knowledge,  and  accelerate  it's  progrefs.  For 
this  purpofc  I  have  been  at  a  coniiderable  expence 
in  col  lofting  fuch  materials  as  may  enable  me  to 
offer  to  the  public  fome  eflays  on  this  fubje<5t, 
which  I  hope  will  not  be  found  unworthy  of  it's 
patronage,  and  which  I  mean  to  publifh  with  all 
convenient  fpeed. 
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GENERAL  PRINCIPLES 
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ELECTRICITY. 


Of  ELECTRICITY,  of   ELECTRICS, 
and  NON-ELECTRICS. 

THERE  is  a  natural  agent  or  power,  gene- 
rally called  the  eledlric  fluid,  which  by 
fridtion,  or  other  means,  is  excited,  or  brought 
into  aftion. 

This  aftion  is  manifefted  to  our  fenfes  by  what 
are  termed  eleftric  appearances. 

Thefe  appearances  are — the  attraftion   and- 
repulflon  of  light  bodies. — pencils  of  light  dart- 

b  ing 
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ing  from  the  ele&rified  body,  attended  with  a 
Snapping  noife  on  the  approach  of  certain  fub- 
fiances. 

Experiment.-.— Take  a  glafs  tube  of  an  inch  and  a  half 
in  diameter,  and  about  three  feet  long,  rub  this  tube  from 
one  end  to  the  other,  with  the  hand,  or  a  piece  of  dry 
ftik,  and  it  will  exhibit  electric  appearances,  or  be  excited. 
The  power  thus  brought  into  action  will  attract  and  then 
repel  fraall  light  bodies ;  fmall  pencils  of  light  will  alfo  dart 
from  the  tube  in  a  beautiful  manner,  attended  with  a  crack- 
ling noife,  if  the  finger,  or  any  other  metallic  fubftancc  is 
brought  near  the  tube. 

Ex  p  e  r  ime  nt. — Put  your  cylinder  in  good  order,  by  the 
rules  laid  down  in  Chap,  II.  of  the  following  Effay.  Then 
turn  the  glafs  cylinder,  and  all  the  forementioned  appear- 
ances may  be  obferved ;  but  as  the  action  of  the  cylinder  is 
ftronger  than  that  of  the  tube,  the  effects  will  be  more  vifible 
in  the  former.  In  thefe  two  experiments  the  friction  again  ft 
the  tube  or  cylinder  has  brought  into  action  and  rendered 
fenfible  an  agent,  which  before  was  apparently  dormant  and 
in  vifible  to  us. 

With  refpeft  to  the  electric  matter,  all  fubflances  may 
be  divided  into  two  clafles,  electrics,  or  non-electrics. 

Eledlrics  do  not  fuflfcr  the  ele&ric  matter  to 
pais  readily  over  their  furfaces  ;  hence  they  arc 
alfo  called  non-conductors. 

Non-ele&rics  permit  the  ele&ric  matter  to 
pafs  readily  over  their  fqrfaces;  from  whence  they 
H,rc  termed  copdu&ors. 

Experiment. 
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.  Experiment. — A  metallic  cylinder  being  fixed  upon  a. 
glafs  fupport,  and  placed  near  the  ele&ric  machine,  will 
receive  the  ele&ric  fluid  from  the  glafs  cylinder,  which  will ' 
difrufe  itfelf  over  the  whole  furface  of  the  metallic  cylinder. 
It  does  not  however  readily  pafs  over  the  glafs  fupport, 
but  is  detained  by  it  on  the  metallic  cylinder,  from  whence 
it  may  be  conveyed  by  any  metallic  fubftance. 
•     A  metallic   cylinder  fupported  by  glafs,    and  furnifhed 
with  fharp-pointed  wires  to  collect  the  electricity  from  the 
glafs  cylinder,  is  called  the  prime  conductor.— It  is  faid  to 
be  infulated  by  the  glafs  fupport,  becaufe  this  obflru&s  the 
paflage,  or  cuts  off  the  communication  of  the  ele£tric  fluid 
with  the  earth. 

This  experiment  will  fcrve  to  give  a  general  idea  of  the 
foundation  of  the  general  divifion  of  all  fubftances  into  elec* 
tries  and  non-ele&rics ;  but  as  it  is  a  diftin&ion  which  runs 
through  the  whole  bufinefs  of  electricity,  we  fhall  endea- 
vour to  elucidate  it  further,  by  entering  more  fully  into  the 
properties  by  which  thefc  fubftances  are  diftinguifhed. 

Electrics,  or  non-condudtors,  may  have  any 
part  of  their  furface  rendered  eleCtrical  by  friCtion, 
without  diffufing  the  fame  kind  of  eledtricity  to 
any  other  part  of  their  fubftance. 

Non-eledlrics,  or  conductors,  cannot  be  ren- 
dered electrical  by  friQion,  and  when  electrified 
by  any  other  means,  the  electricity  is  diffufed  over 
the  whole  of  their  furface,  and  every  part  thereof 
exhibits  the  fame  kind  of  electricity. 

The  partial  diftribution  of  the  elefiric  fluid  on  non-con- 
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ductors  is  eafily  (hewn,  by  only  exciting  one  part  of  a  glaft 
plane,  or  a  glafs  tube. 

The  equal  diffufioo  of  this  fluid  is  feen  by  the  prime  c*m* 
ductor  when  electrified. 

A  condu&or  ele&rified  by  communication, 
parts  with  the  whole  of  it's  ele&ricity  at  oftcc  to 
any  conducting  fubftance,  (that  communicates 
with  the  earth)  when  brought  in  contad  with  it ; 
or  a  condu&or  cannot  be  cle&rificd  while  it  com- 
municates with  the  earth,  becaufe  all  the  elec- 
tricity  is  carried  off  by  the  communication. 
Whereas  under  the  fame  circumftances  an  excited 
ele&ric  lofes  it's  ele&ricity  only  in  thofe  parts, 
which  are  near  the  conducting  fubftance,  or  ta 
which  it  is  applied. 

Exp E rime nt. — To illuflrate  this  portion,  bring  any  con- 
ducting fub fiance,  that  communicates  with  the  earth,  in  con- 
tact with  the  prime  conductor,  and  it  will  immediately  de- 
prive it  of  all  the  electricity  it  had  acquired ;  but  if  the 
fame  conducting  fubftance  is  brought  near  the  excited  glaf* 
cylinder,  it  will  only  take  off  a  portion  of  the  electric  mat- 
ter from  that  part  to  which  it  is  applied. 

Some  conducting  fubftances  are  more  perfc& 
than  others. 

Experiment. — The  fluid  will  pafs  more  readily  over  a 
metal  rod,  than  onj$  of  wood, 

*  Among  conductors,  medals  are  the  mod  perfect ;  fcaling- 
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wax,  sofia,  rod  gla&i  arc  anumg&the.beft  mn-condiidors, 

Fps  a  liIU>f  conducing  fubftanfes,  &c  fee  page  *6. 

The  electric  fluid  may  be  excited  by  fridion, 
by  heating  and  coding. 

Experiment. — In  working  the  ele&rical machine,  thi* 
fluid  is  excited  by  fri&ion.  The  Tourmalin  ftone  is  ex* 
cited  by  increafing  or  diminifhing  it's  heat.  See  Chap.  I.  of 
the  following  Effay,  and  alfo  pages  339  and  368. 

Of  EXCITATION,  and  op  the  con- 
trary STATES  of  the  ELECTRIC 
FLUID. 

The  excitation  produced  by  rubbing  of  elec- 
trics againft  each  other  is  very  (mail. 

Ex  p  b  r  1  m  e  n  t.— Rub  two  pieces  of  glafs,  or  fealing- wax, 
together,  and  only  a  fmall  degree  of  electricity  will  be 
obtained. ' 

It  is  therefore  neceflary,  that  the  rubber  (hould  be  a  con- 
ducing fubftance,  and  that  it  ftiould  not  be  infulated. 

Only  a  fmall  quantity  of  ele&ricity  can  be 
produced,  when  the  rubber  and  conductor  of  an 
electrical  machine  are  both  infulated. 

Experihint. — Take  off  the  chain,  which  is  generally 
fufpended  from  the  cufhipn  to  the  table;  turn  the  machine, 
3&d  you  will  find  lefselc&ricUy  than  when  the  cufhion  or 
.tufeber  coaumuueafted  with  the  earth.  j 

If 
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If  the  rubber  of  an  de&rical  machine  be  infu- 
lated,  and  the  condu&or  uiunfulated,  or  made  to 
communicate  with  the  earth,  by  hanging  a  chain 
from  it ;  on  turning  the  cylinder,  the  rubber  will 
be  ftrongly  etaftrified,  and  will  attract  and  repel 
light  bodies,  and  exhibit  the  fame  general  ap- 
pearances as  the  prime  conduQor. 

Ex»BRiiiiNT« — Conned  an  infulated  condu&or  with 
the  rubber,  place  another  before  the  cylinder,  and  both 
will  be  electrified. 

The  conductor  which  is  ele&rifiedby  the  cylinder  wiH 
attract  thofe  bodies,  which  are  repelled  by  the  conductor 
that  is  connected  with  the  cufhion,  and  vice  veria* 

If  thefc  conductors  are  brought  near  each  other,  ftrong 
sparks  will  pais  between  them. 

If  they  be  brought  into  contad,  (or  if  they  are  connected 
together  by  a  chain)  the  electricity  of  one  will  deftroy  that 
of  the  other ;  and  though  the  fluid  may  be  feen  to  circulate 
round  the  cylinder,  yet  the  two  conductors,  when  thus  con- 
joined, will  exhibit  few  or  no  figns  of  electricity..-— From 
thefe  experiments  it  may  be  inferred. 

That  there  are  two  powers  in  ele&ric  ity,  the 
one  termed  pofitive  cle&riciry,  die  other  negative 
electricity;  that  thefe  powers  may  be  rendered 
evident  to  the  lenfes  when  they  are  feparated ;  and 
that  they  counteract  each  other  when  united, 
the  one  defooyingthe  eflfe&s  of  the  other. 


To  reader  this  po&rion  moce  dear,  we  (hall  re-confider 
tne  foregoing  experiments  on  die  two  conda&ors,  com- 

$  paring 
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paring  them  with  fimilar  experiments  on  two  conductors 
electrified  with  the  fame  power.  Electrify  two  conductors 
equally,  by  placing  them  before  the  cylinder,  (that  is,  elec- 
trify both  positively)  and  the  following  obfervatiohs  may 
be  made:  1.  That  what  is  attracted  or  repelled  by  the  one, 
is  alfo  attracted  and  repelled  by  the  other ;  whereas,  in  the 
foregoing  inftance,  what  the  one  attracted,  the  other  repel- 
led. 2.  That  no  fparks  will  pafs  between  two  conductors 
equally  eie&rified  with  the  fame  power,  though  they  will 
pafs  continually  between  two  electrified  with  different 
powers.  3.  Connect  the  two  conductors  that  are  before  the 
cylinder,  and  fparks  may  be  taken  from  them,  which  can* 
not  be  done  from  the  others  when  they  are  united, 

The  conductor  connected  wjth  the  cufhidn,  is  faid  to  be 
negatively  electrified.  * 

The  conductor  placed  before  the  glafs  cylinder  is  faid  to 
be  pofitively  electrified,  (a) 

Thefe  experiments  may  be  eafily  exhibited  by  one  con- 
ductor, if  the  rubber  be  infulated '5  by  means  pf  the  (wo 
directors  with  glafs  handles,  that  are  defcribed  page  314.— » 

Take 

(?)  Hence  every  electrical  machine,  with  an  infulated 
rubber,  may  be  confidercd  as  acting  in  a  threefold  mannerT 

1.  As  a  machine  producing  negative  electricity;  by 
cpnne&ing  the  prime  conductor  to  the  earth  by  a  chain,  and 
taking  the  fluid  frpm  the  cujhion  or  rubber*  ... 

2.  As  a  machine  producing  pofitive  electricity.  To  ef- 
fect this,  make  the  rubber  communicate  with  the  ground  by 
a  chain,  and  take  the  fluid  from  the  conductor. 

3.  As  communicating  the  action  of  bojQi  powers  at  once. 
In  this  cafe,  the  rubber  and  conductor  mud  both  be  infula- 
ted,  and  the  fubflance  to  be  electrified  placed  between  tw* 
^rectors  connected  with  them. 
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Take  off  the  chain  from  the  cufluon,  and  conne&  a  dii 
with  it  by  a  wire  or  chain,  and  conned  another  director 
with  the  prime  conductor ;  turn  the  cylinder,  and  on  bring- 
ing the  dircftors  near  to  each  other,  fparlc*  will  pafs  from 
the  one  to  the  other ;  the  one  will  alio  attract  what  the 
other  repels,  and  when  brought  into  contact,  neither  of 
them  will  exhibit  any  figns  of  ele&ricity. 

The  ele&ricity  produced  by  the  excitation  of  glafs,  is 
called  pofitive  electricity. 

The  electricity  produced  by  the  excitation  of  fealing* 
Wax,  or  rofin,  is  called  negative* 


Of  ELECTRICAL   ATTRACTION 

and  REPULSION. 

If  two  bodies  be  eleftrified,  both  pofitively, 
or  both  negatively,  they  repel  each  other. 

If  one  be  electrified  pofitively,  the  other  nega- 
tively, they  attradt  each  other. 

A  body  not  at  all  ele&rified  will  be  attrafted 
by  thofc  which  are  eledrified,  either  negatively 
or  pofitively. 

£xP£*iMfcNT.-— Electrify  a  pair  of  infulated  pith  ball* 
•pofitively,  and  they  will  repel  each  other.     See  page  54. 

Experiment.— Ele&rify  a  pair  of  infulated  pith  balla 
negatively,  and  they  will  repel  each  other. 

Experiment. — A  pair  of  infulated  pith  balls  eleftrHled 
poiiyvely,  will  attraft  apair  that  are  deftrified  negatively. 
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Experiment. — A  pair  of  infulated  pith  balls  ele&rified 
negatively,  are  atftra&ed  by  excited  glafs,  and  repelled  by 
excited  wax  ;  and  the  contrary :  for  if  the  balls  are  electrified 
pontivery,  they  will  be  repelled  by  excited  glafs,  and  attract- 
ed by  excited  wax* 

Exp e  r  1  me  n  t.— A  pair  of  infulated  balls  in  their  natural 
ilate  are  attracted  both  by  excited  glafs,  and  excited  wax. 

Hie  repulfion  of  balls  ele&rified  pofitivcly  is 
deftroyed  by  the  application  of  an  equal  degree 
of  negative  ele&ricity. 

Experiment. — Elecrxify  two  pair  of  pith  balls  equally, 
but  one  with  rjofinve  electricity,  the  other  with  negative  j 
bring  the  cylinders  by  which  the  balls  are  fufpended  in  con* 
tatt,  and  the  balls  will  immediately  dole. 

Experiment. — Ele&rify  two  pair  of  infulated  pith  balls 
equally  with  pofitive  ele&ricity,  bring  the  cylinders  by 
which  they  are  fufpended  in  contaft,  the  balls  will  remain 
unaltered. 

From  thefe  experiments  it  may  be  inferred,  that  in  the 
natural  ftate  of  electricity  the  two  powers  are  always 
united ;  that  they  only  become  viable  by  their  feparatiorj^ 
and  that  when  (Separated  they  xnanifeft  themfelves  by  thofc 
appearances  which  we  term  electrical.  It  is  highly  pro* 
bablc,  that  the  general  phenomena  of  nature  are  carried  on 
by  thefe  powers  when  united,  and  the  more  particular  phe- 
nomena, or  dtfeordant  notes  in  the  great  fyftem  of  the  uni» 
verfe,  are  occafioned  by  the  action  of  thefe  powers  when 
feparated,  and  their  conftant  tendency  to  unite.  Be  this  as 
ft  may,  the  foregoing  pofiuons  will  be  found  to  alluftrate 

<  an 
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nil  the  experiments  on  eleclric  attra&ion,  from  whichwc 
have  fele&ed  the  following,  as  fome  of  the  mod  pleating. 

Experiment.— Light  feathers,  hair,  &c.  conne&ed  with 
the  condu&or,  are,  when  electrified,  attracted  by  any  non- 
electric body. 

Experiment. — The  hair  of  any  perfonthat  is  electrified 
bccomesrcpellent. 

Experiment. — Down  feathers,  bits  of  leaf  gold,  paper 
images,  and  other  light  bodies  brought  near  the  conductor, 
are  fir  ft  attracted,  and  then  repelled. 

Experiment. — The  two  out  fide  bells,  fig.  17,  commu- 
tiicate  by  a  chain  with  the  conductor  ;  the  middle  bells  and 
the  two  clappers  are  fufpended  by  (ilk,  which  is  a  non-con- 
duclor.  The  ele&ric  fluid  pafles  from  the  conductor  to  the 
outfide  bells,  thefe  attraft  the  clappers  and  impart  electricity 
to  them,  which  they  in  their  turn  communicate  to  the  mid- 
dle bell,  from  whence  it  is  conveyed  by  a  chain  to  the  earth. 
The  clappers,  in  receiving'and  communicating  the  fluid,  arc 
alternately  attracted  and  repelled. 

/  Thofe  fubftances  that  are  brought  within  the 
influence  of  electrified  bodies,  become  pofleffed 
of  a  contrary  ele&ricity ;  or,  bodies,  which  arc 
immerged  in  ah  eledtric  atmofphere,  always  be- 
come pofleffed  of  an  electricity  contrary  to  that 
of  the  body  in  whole  atmofphere  they  are  im- 
merged. 

•    See  Experiment  xviii.  xix.  xx.  xxu  xxiii.  xxiv,  xxv. 
the  following  Effay. 

Experiment. 
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r  Experiment.  —  Bring  a  condu&or  (without  pointed 
wires)  near  to  the  glafs  cylinder,  whilft  the  machine  js 
working.  If  the  conductor  be  not  infulated,  it  will  be 
pegatively  electrified,  till  it  is  brought  fo  near  as  to  receive 
fparks  from  the  cylinder.  If  the  conductor  be  infulated,  .it 
will,  in  the  fame  fituation,  be  electrified  negatively  in  the 
parts  neareft  the  glafs  cylinder,  and  pontively  in  the  parts 
more  remote  ;  as  may  befeen  by  bringing  a  glafs  tube,  which 
is  pofitivcly  elecirificd,  near  a  ball  which  is  fufpended  from 
the  conductor. 


Of  ELECTRIFIED    POINTS. 

-  The  eledic  fluid  appears  as  a  diverging  ftrearo 
darting  forwards  into  the  air  from  a  pointed 
.body  pofitively  electrified. 

It  appears  as  a  little  globular  ftar  on  a  point 
negatively  eleftrified.  (a)    , 

Experiment. 

(a)  Mr.  Nicholfon  has  (hewn,  that  it  is  the  property  of 
all  (hort-pointed  conductors  rifing  out  of  another  furface 
•nearly  plane,  to  give  a  fpark  when  pofitively  electrified, 
but  none  when  negatively  ;  hence  he  contrived  an  inflru- 
ment  for  diftinguifhirig  the  two  electricities,  which  is  repre- 
fented  at  fig.  10,  in  the  plate' facing  the  end  of  the  fupplcment* 
A  and  B  are  two  metallic  balls,  which  may  be  placed  at 
different  diflances  from  each  other  by  means  of  the  joint  c  ; 
the  two  legs  c  A,  c  B,  are  of  varnifhed  glafs ;  from  one  of 
the  balls  A  proceeds  a  fhort  point  towards  the  other  ball 
*B:  a  long  fpark  will  pais  from  the  ball  A  towards  B,  when 

c  a  it 
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Experiment.— Thcfc  appearances  are  to  be  obferved  in 
a  dark  room  on  the  extremity  of  a  pointed  wire  fixed  upon 
a  conductor  pofitively  or  negatively  electrified;  or  on  a 
Wire  held  in  the  hand*  and  prefented  to  a  pofitively  o* 
negatively  eleftrified  conduftor. 

Experiment. — Thefe  phenomena  are  beautifully  exh- 
ibited, by  the  luminous  condu&or. 


A  current  of  air  is  occafioned  from  an  efoftfi** 
fied  point. 

Experiment. — Place  a  pointed  wire  in  the  conductor, 
and  hold  the  hand  over  it  when  the  machine  is  in  aftion, 
a  very  fenfibie  wind  will  be  felt  by  the  hand. 

Experiment— -Stick  feveral  pieces  of  paper  or  card  like 
vanes  in  a  cork,  through  the  center  of  which  a  needle  or 
fteel  pin  pafles,  fuTpend  the  whole  by  a  magnet,  prefent  one 
of  the  vanes  to  a  pointed  wire  inferted  in  the  conductor, 
and  they  will  be  put  in  motion  by  the  current  occafioned  by 
the  point,  and  will  turn  with  rapidity.  See  alio  experiments 
lxxviu  lxxviti.  lxxix.  &c  of  this  Eflay. 

A  pointed  wire  placed  on  or  brought  near  to 
an  ele&rifled  condu&or,  gradually  and  filcntly 
diffipates  the  dearie  fluid. 


It 


II  is  pofitively  eleftrified ;  but  the  eic&ricity  will  pafs  with* 
out  fparkfl,  and  fcarce  any  notfe*  when  it  is  ele&rified  nega> 
lively.— Nicholftm's  Iatxocki&ion  to"  Natural  Philofophy, 
id.  edit.  p.  320* 


It  fctoWoWeiVeib^tl^ 
a certain limits,  k Wfllntot  difchaigfc thecmtuatol i*  the 
Banner  exprefied  in  the  faregoin§  poBtienj  butfby  *•  fa£- 
:cflion  of  fmall  explofions  very  quickly  Jbllawing  each 
tther,  which  leads  to  the  following  pofition* 

If  aacle&rified  point  be  filiated  in  fcch  clr* 
eumitendw  as  to  cwfe  the  fluid  to  accttfrttitett'. 
on  the  conductor  ;  of,  in  other  words,  if  it  iif 
fo  fituated,  that  the  power  of  the  fame  name  with 
that  of  the  condu&er  cannot  be  readily  dtfchargfcl 
from  it,  it  witt  then  receive  the  efcdMfciry  firaffl 
t!^corriH(5h)riiltheforniofaar0hgf^i1c. 

Bx»YfctmiMr.~^tace*  pbhitfcd  wire  ott  die  ehdof  a 
fpirafrtdie,  ««*  itwill  take  a  fpark.  See  alfb  experiment 
Iwii,.  ofrv  aodciviii  of  the  following  Eflay. 

Or  th£LEYE>EN  PHIAL. 

A  glafs  jar  or  phial  coated  on  both  fides  (ex- 
cept about  two  inches  from  the  top),  with  tinfoH^ 
or  any  other  conducing  fubftanc*,  ir  crifcd  the 
Zseydm  jar  or  phkrii 

If  one  fide  of  this  jar  is  ele&rified,  whiter  the 
other  fide  communicates  with  the  earth,  it  is  faid 
to' be  charged. 

IF  a:  communication  is  fbxtoed  from  one  fide 

of  the  jar  to  the  other  (by  a  conducing  fub- 

ftance)  after  it  has  been  charged,  an  explofion 

&  will 
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vtll  be  heard,  and  the  jar  is  laid  to  be  difcharged. 
A  Lcyden  phial  cannot  be  charged  when  it  is 
infulated ;  that  is>  when  neither  fide  communi- 
cates with  the  earth. 

As  the  apparatus  represented  at  fig.  49,  pi.  II.  is  the  mod 
ready,  and  beft  adapted  for  illuftrating  the  phenomena  of  the 
Leyden  phial,  we  ftiali  confine  ourfelves  principally  to  ft 
in  this  part  of  the  prefent  Summary. 

Experiment.— Screw  the  phial  with  the  belt  on  it's 
infulated  Hand,  as  at  fig.  48  ;  bring  the  coating  in  contact 
with  the  conductor,  turn  the  machine  (lowly,  and  after  a 
few  turns  remove  the  phial  from  the  conductor  ;  then  form 
a  communication  between  the  outfide  and  the  infide  of  the 
phial,  by  placing  one  end  of  the  difcharging  rod  firft  upon 
the  coating,  and  then  bringing  the  other  end  of  the  rod  to 
the  brafs  ball  of  the  bottle ;  there  will  be  .no  explofion,  the 
bottle  not  being  charged  becaufe  both  fides  were  infulated. 

ExpERiMENT.-p-Hang  a  chain  from  the  brais  ball  of  the 
phial  to  the  table,  then  bring  the  coating  in  contact  with 
the  conductor,  and  after  a  few  turns  of  the  machine  re- 
move the  phial  as  before;  then  apply  the  difcharger,. an 
explofion  will  be  heard,  and  the  bottle  will  be  difcharged ; 
for  in  this  cafe,  the  infulation  of  the  infide  is  deflroyed 
by  the  chain,  and  the  phial  becomes  capable  of  receiving  a 

charge.  . 

» 

As  much  of  the  ele&rical  fluid  is  thrown  oflf 
from  one  fide  of  a  jar  when  charging,  as  is  com- 
municated to  the  other. 


ExfBlUME 


KT» 
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ExPERittENT.— Place  the*  coating  of  the  jar,  fig.  48,  in 
contact  with  the  conductor,  and  the  knob  of  another  equal 
'fi  zed  jar  (as  L,  fig.  49)  in  contaft  with  the  knob  of  the  firft  ; 
turn  the  machine  a  few  times,  then  remove  the  jars  from 
each  other,  and  from  the  conductor;  apply  a  difcharger,  as 
oefore  directed,  firft  to  the  one,  then  to  the  other,  and  you 
will  find  them  both  equally  charged;  the  infide  of  the 
fecond  phial  having  received  from  the  infide  of  the  firft,  as 
much  of  the  fluid  as  the  outfide  thereof  received  from  the 
machine.    See  alfo  exper.  lxxiv. 

• 

When  a  Leyden  phial  is  charged,  the  two 
fides  thereof  are  in  contrary  flares ;  that  is,  the 
one  is  pofitively,  the  other  negatively  elc&rified. 

Experiment. — Charge  the  jar,  fig.  48,  by  bringing  the 
coating  in  contaft  with  the  conductor,  and  letting  a  chain 
fall  from  the  ball  to  the  table.  When  it  is  charged,  remove 
the  jar  from  the  conductor,  and  the  chain  from  the  knob. 
*Tht  coating  of  the  jar  will  eleftrify  a  pair  of  infulated 
pith  balls  pofitively,  and  the  knob  will  electrify  a  pair  nega- 
tively; evincing  that  the  infide  and  outfide  of  the  jar  are 
in  contrary  dates. 

Reverfe  the  foregoing  experiment,  by  bringing  the  knob 
of  the  jar  in  contact  with  the  conductor,  and  letting  a  chain 
fall  from  the  outfide  coating  to  the  table ;  charge  the  jar, 
and  remove  the  chain,  the  coating  will  now  ele&rify  the 
infulated  pith  balls  negatively,  and  the  knob  will  ele&rify 
them  pofitively. 

•  £xr  1  k  1  me  nt.— Charge  the  jar,  fig.  48,  pofitively ;  con- 
ned a  dire&or  with  the  chain  from  the  coating,  and  bring 
the  ball  of  the  direftor  towards  the  knob  of  the  bottle;  a 

cork 
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fork  ball,  or  an  attiioal  fpidcr.  fujpeadcd  by  a  Glk  firing, 
iri)l  play  between  the  two  balls  till  the  bottle  it  difcharged, 
carrying  the  fluid  from  one  to  the  other,  till  it  has  retyorej 
the  equihhrMfixv 

A  j*r  is  faid  to  be  pofitivcly  electrified,  when 
the  infide  receives  the  fluid  from  the  condudto& 
and  the  outfide  is  coanc&ed  with  the  earth. 

It  is  faid  to  be  negatively  ek&rifiad,  when 
the  outfide  receives  the  fluid  from  the  conductor, 
and  the  infide  communicates  with  the  earth,  (a) 

The  contrary  dates  of  the  Leyden  phial  fibewa 
by  the  charge  and  difcharge  thereof. 

Experiment.*— Take  two  bottles  of  the  fame  fize,  ^  H 
and  I,  fig.  49,  charge  both  pofitivcly,  and  conned  the  coat- 
ings of  each,  as  in  fig.  4$,  bring  the  two  knobs  together 
and  no  explofion  will  take  place,  and  the  bottles  will  not  be 
difcharged ;  becaufe  the  infide  and  outfide  of  each  bottle  is 
in  the  fame  ftate^  or  endued  with  a  power  of  the  fame  kind, 
and  have  therefore  no  tendency  to  unite.  The  fame  happens 
if  both  are  charged  negatively. 

Expirimen t.— Charge  one  pofitivcly,  the  other  nega- 
tively $  then  on  bringing  the  knobs  together  as  before,  an 
explofion  will  take  place,  and  both  bottles  will  be  difcharged; 
in  this  the  powers  on  the  infide  and  outfide  of  each  bottle 
vera  of  different  kinds,  with  a  ftrong  tendency  to  unite. 

Ill 

(a)  It  is  neceflary  tip*  ajar  charging  negatively  fhould  be 
{nfulated,  hecaufo  the  fluid  is,  in  the  firft  in  (lance,  convey* 
•d  to  the  coating,  and  woukl,  if  luiinfulated,  be  immediately 
carried  to  the  earth. 
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In  the  foregoing  experiments  it  will  be  -found  very  con  ve- 
ient  for  the  difchargeof  the  jars,  to  fcrew  the  wire  K  or 
•  into  the  hole  at  the  top  of  the  infulating  pillar  |  as  the 
mating  of  the  moveable  jar  may  be  placed  on  this  wire,  and 
'%  knob  be  eafily  brought  to  touch  the  infulated  jar. 

The  contrary  dates  of  the  fides  of  a  Leyden  phial  may  be 
thibited  by  the  appearance  of  the  electric  light,  or  pointed 
ires  connected  with  the  coating,  or  balls  of  the  bottle; 
id  alio  by  the  different  appearance  thereof  in  vacuo.  But 
r  thefe  we  (hall  refer  the  reader  to  the  following  Eflay,  as 
e  foregoing  experiments  are  fufficient  to  prove. the  &&•'  - 

The  charge  of  a  coated  jar  refides  in  the  glafs, 
nd  not  in  the  coating. 

Experiment. — Let  a  plate  of  glafc  be  placed  between 
o  metallic  plates,  about  two  inches  in  diameter,  fmaller 
in  the  plate  of  glafs ;  charge  the  plate  of  glafs,  and  then 
nove  the  upper  metallic  plate  by  an  infulated  handle ;  lake 
the  glafs  plates,  and  place  it  between  two  other  plates  of 
tal  unele&rined  and  infulated,  and  the  plate  of  glafs  thus 
ited  afrefh  will  Hill  be  charged. 

The  parting  of  the  elcdric  fluid  from  one  fide 
a  charged  jar  to  the  other,  is  apparently  in- 
intaneous,  through  whatever  length  of  a  mc- 
iiic  or  other  good  condu&or  it  is  conveyed. 

Experiment. — Let  any  number  of  perfons  make  a  part 
the  circuit  of  communication,  and  the  fluid  will  pafs  in- 
ltaneoufly  through  the  whole* 

d  The 


■  t   ' 


The  difcbarge  of  a  charged  jar  gives  a  painful 
fenfatLon,  called  the  eledric  (hock,  to  apy  animal 
placed  in  the  circuit  of  communication. 

IF  the  circuit  be  interrupted)  the  fluifl  will  become  .vinbk; 
and  if  refilled  in  it's  paflage,  will  leave  an  ixnpreffion  upoo 
the  intermediate  or  refilling  bodies,  (a)   . 

Kxpeiiment. — Let  the  fluid  pais  through  a  chain,  tf 
through  any  metallic  bodies,  placed  at  iroail  diftance*  fum 
eachothei;;  the  fluid,  in  a  dark  room,  will  be  vifiUefo 
tween  the  links  of  the  chain,  or  between  the  metallic 


■«■  Experiment. — If  the  circuit  be  interrupted  by  fevenl 
folds  of  paper,  a  perforation  will  be  made  through  it,  mi 
each  of  the  leaves  will  be  protruded  by  the  flroke  from  tk 
middle  towards  the  outward  leaves. 

-  :6x?|iir»iEtfT.— If  fpirits  of  wine,  or  gun- powder,  lie 
made  part  of  the  circuit,  it  will  be  fired. 

.  The  force  of  an  eletfric  charge  doe§  not  de- 
pend on  the  fhape  of  the  charged  furface. 

Let  the  fame  quantity  of  coating  be  placed  upon  a  jar,  and 
upon  a  plate  of  glafs,  the  effccl  will  be  found  to  be  nearly 
the  fame  in  each. 

When  thefurfycesofan  elcdhic  jar  are  char- 
ged  with  a  certain  quantity  of  the  two  powers,  it 
is  obferved,  that  no  additional  eledhicity  can  be 
communicated  to  them,  however  great  an  exci- 
tation is  applied  for  that  purpofe. 

(«)  Enfield's  Inftitutcs  of  Natural  Phiiofophy. 


©*  the  ELECTRIC  BATTERY. 

t  The  force  of  the  electric  charge  may  be  in- 
Grtafed,  by  augmenting  the  furface  of  coated 
#tfs. 


nfiial  method  of  effecting  this,  is  to  form  a  commu- 
bctwecn  the  mfide  of  a  number  of  coated  glafs  jars, 
■ill another  communication  between  the  external  coating; 
ptthffb  dtfpofed  are  called  an  electrical  battery. 

,JJ#Sie  metallic  wire  may  be  melted  by  a  battery,  fmall 
^jftinA  may  be  killed,  thick  pieces  of  glafs  be  fluttered  to 
end  othef  curiou*  effects  produced,  the  greater  part 
are  defcribed  in  Chap*  viii.  of  the  following  Efiay. 


tik  efe&ric  fluid  and  lightning  arc  the  fame 
lubftance. 

:  *tneir  properties  and  effects  are  the  fame ;  flafhos  of  lighf- 
tiog  form  irregular  lines  in  the  air ;  the  electric  fpark,  when 
*bpn&  has  the  fame  appearance*  Lightning  flrikes  the 
vgheft  and  moft  pointed  objects,  takes  in  it's  courfe  the 
iA  conductors*  fets  fire  to  bodies,  melts  metals ;  in  which, 
and  many  other  particulars,  it  agrees  with  the  phenomena' 
af  the  electric  fluid*  Laftly^  the  lightning  being  brought 
$pm  the  cloods'td  an  electrical  apparatus,  will  exhibit  all 
A*  appearance  of  the  electric  fluid. 

« 

,'&kfuppofed  that  buildings  may  be  fee u red 

from  the  effeds  of  lightning,  by  fixing  a  pointed 

**  da  metallic 
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metallic  rod  higher  than  any  part  of  the  building, 
and  continuing  it,  without  interruption,  to  the 
ground  or  neareft  water. 

See  Chap.  ix.  of  the  following  Eflay.  The  experiment 
rood  generally  ufed  to  illuftrate  this  poTition,  is  that  of  the 
thunder- houfc,  which  is  a  board  fhaped  like  the  gable  end 
of  a  houfe,  and  fixed  perpendicularly  upon  an  horizontal 
board  ;  in  the  perpendicular  board  a  fquare  hole  is  made, 
into  which  a  fquare  piece  of  wood  is  to  be  fitted,  fo  that  it 
may  eafily  fall  out  of  it's  place ;  a  wire  is  fixed  diagonally 
into  this  fquare  piece ;  another  wire,  terminated  with  a  bra£i 
ball,  is  fattened  to  the  upper  part  of  the  perpendicular 
board,  with  it's  ball  above  the  board,  and  it's  lower  end  in 
centacl  with  the  diagonal  wire ;  in  the  fquare  piece  of  wood, 
a  communication  is  continued  from  the  other  end  of  thediav- 
gonal  wire,  by  a  wire  to  the  bottom  of  the  perpendicular 
board.  If  the  wires,  in  this  ftate,  are  made  part  of  a  circuit 
of  communication,  on  discharging  the  jar,  the  fquare  piece 
of  wood  will  not  be  d  if  placed  ;  but  if  the  communication  be 
interrupted,  by  changing  the  direction  of  the  diagonal  wire, 
the  fquare  piece  of  wood  will,  on  the  difcharge,  be  driven 
out  of  it's  place.     See  fig.  68. 

If,  inflead  of  the  upper  brafs  ball,  a  pointed  wire  be 
placed  above  the  perpendicular  board,  the  difcharge  may  be 
drawn  off  without  an  explofion. 


Of  a  PLATE  of  AIR. 

As  the  air  is  an  ele&ric,  it  will  receive  a  charge, 
and  give  a  fhock  like  any  other  eledric  fubftance. 
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/This  is  effe&ed  by  means  of  two  large  boards,  covered ' 
with  tin  foil,  the  oae  'connected  with  tjie  conductor,  the 
other  placed  parallel  to  it  on  an  infulated  (land ;  thefe  bounds 
may  be  coniidered  as  the  coatings  to  a  plate  of  air ;  and  if 
a.  communication  be  formed  between  them  by  touching  the 
uninfulated  board  with  one  hand,  and  applying  the  other 
hand  to  the  conductor,  the  (hock  will  be  felt.  See  Chap, 
x.  of  this  Eflay,  and  Nicholfon's  Introduction  to  Natural 
Phiiofophy. 

"  A  great  part  of  the  electric  phaenomena,  are  the  confe- 
rence of  the  air  being  thus  charged.  Thus  the  prime  con- 
ductor imparts  it's  ele&ricity  to  the  furface  of  air  imme- 
diately contiguous  to  it,  and  when  the  fpark  is  drawn,  the 
difcharge  is  made  to  the  non-ele&rics  in  the  room,  which ' 
are  in  contact  with  the  oppofite  furface. 

«  It  is  a  confequence  of  the  air  being  charged/that 
broad  non-ele&ric  furfaces  draw  large  fparks  from  the  con- 
ductor, for  the  fparks  are  the  difcharges  of  a  large  plate 
of  interpofed  air ;  a  lets  furface  will  draw  a  lefs  fpark,  be- 
caufe  the  fame  machine  charges  lefs  furfaces  higher  than 
greater ;  the  fpontaneous  difcharge  through  the  body  of  the 
electric  air,  will  be  made  at  a  greater  di (lance  of  the  fur- 
faces ;  that  is  to  fay,  the  fparks  will  be  longer.  If  the  fur- 
face of  the  prefented  plate  be  frill  fmaller,  the  fparks  will  alfo 
be  (mailer,  and  emitted  to  a  greater  diftance ;  and  if  the  fur- 
face be  indefinitely  fmall,  or  in  other  words,  if  the  non- 
electric be  pointed,  the  fpark  may  be  fo  (mall  as  to  be  in- 
vifible,  and  the  diftance  to  which  it  can  be  emitted,  may 
be  unlimited." 

Of   MEDJCAI,    ELECTRICITY. 

The  (atisfa&ory  experiments  that  have  been  made  on  this* 
4  head, 


**xs  nnraodtjet  to*. 

hMd,  top  tote  of  the  firft  character*  iti  the  aidtieal  line, 
particularly  it  St.  thomas's  Hofpifai,  by  Mr.  Birch,  have 
'eftabliflted  die  reputation  of  electricity  in  medicine,  as'  the/ 
hfcve  cldarly  proved,  that  when  ufed  by  the  fkilfti^  if  & 
ascertain  in  it's  effect*  a*  any medicine  hi  the  whole  m§» 
tcria  niedica,  and  more  extehfive  m  it's  application. 
In  medicine,  it  has  been  very  judtdoufry  confidered  al 
under  three  forth*. 


i.  The  Fluid,  which  may  be  confidered  as  a  fedative. 

a.  The  Spark,  or  friction,  which  may  be  ranked  under 
the  tide  of  a  ftimulant. 

g.  Th»  Shock,  which  may  be  conftdered  as  a-  powef* 
ful  deobftruenU 

Th$  fluid  may  be  thrown  upon  or  extra&ed 
from  the  patient. 

This  is  always  belt  effected  by  a' wooden  point. 

i.  Infulate  the  patient,  and  connect  him  with  the  pc* 
fitive  conductor ;  then  pf  efent  the  wooden  point  of  tW 
director  towards  him,  and  it  will  gradually  draw  the  thai 
from  him* 

a*  Let  the  patient  communicate  with  the  ground,  and 
connect  the  metal  part  of  the  director  with  the  pofitive  con- 
ductor, and  the  fluid  will  be  gently  thrown  upon  the  pi* 
tient. 

3.  Connect  the  infulated  patient  with  the  Cufhion,  thee 
he  will  receive  the  fluid  from  the  direction  held  in  the 
hand* 

4.  Connect  the  director  with  thecufhionj  and  the  fluid 
wDl  be  extracted  from  the  patient. 

Of 


Of  th?  ek#ri?  *park,    V  fri&KV 

*    »  ■ 

What  has  been  Grid  with  refpeft  to  the  fluid,  is  equally 
ppplicable  to  the  ele&ric  (ri&ion ;  only  he?e  the  point  is  to 
be  unfcrewed  from  the  director,  and  the  orals  hall  fcrewed 
on  in  it's  (lead. 

In  the  fri&ion,  the  part  fliould  be  covered  with  woollen 
cloth  or  flannel,  and  the  brafs  ball  is  to  be  applied  tlofe  to 
the  flannel ;  but  in  taking  fparks,  it  is  tp  be  removed  a> 
little  diftance  from  the  body. 

To  increafc  the  denfity  of  th$  fluid,  or  fparl^ 

fU  the  medical  bottle  to  the  condiifior,  let  a  chain  fall 
$rom  the  hook  at  the  bottom  thereof  to  tfce  tabic,  place  the 
fle&xometer  pa  the  conductor,  (as  k  is  represented  in  the 
frpatilpiece  tp  this  work,)  let  the  ball  of  the  defirometerbe 
plated  a*  fome  little  4iftajQC«  from  the  conduEor,  and  then 
fanned  your  dirc&or,  by  means  of  a  wUs,  with  the  exterior 
ball  of  the  ele&rorneter ;  after  this  preparation,  you  may 
jurn  $e  machine,  and  when  the  fluid  has  attained  fviheient 
force  to  pais  from  the  conductor  to  the  ball  of  the  ele&ro- 
merer,  you  may  apply  the  director  to  the  patient,  who  will 
receive  a  denfc  ftream  therefrom ;  the  machine  to  be  kept 
turning  during  the  operation*  Or,  conned  an  infulated  pa- 
tient with  the  electrometer,  and  then,  on  applying  the 
dire&or  to  him,  you  will  c#tra&  a  denfe  dream  from  him. 

N.&.  Whenever  the  dire&or  is  ufed  without  being  con- 
peftcd  with  the  conductor  or  cuihion,  the  hand  fliould  com- 
municate with  the  taaftpart  thareoi, 

'       "s  To 


xxxiv      INTRODUCTION^ 

To  pafs  a  ftream  of  the  cledtric  fluid  through 
any  part  of  the  body,  without  giving  the  (hock. 

1,  Connect  one  director  with  the  cufluon,  and  another 

* 

with  the  conductor;  place  the  part,  through  which  ycu 
want  the  ftream  to  pafs,  between  the  directors* 

N.  B.  The  denfity  of  this  ftream  is  augmented,  if  the 
bottle  is  fufpended  agreeable  to  the  directions  in  the  prco> 
ding  article,  and  one  director  joined  to  the  electrometer. 

2.  Infulate  the  patient,  and  apply  a  director  that  com- 
municates with  the  conductor,  (or  with  the  electrometer  and 
bottle)  to  one  part,  and  a  brafs  ball  to  the  other. 

•-  To  give  the  (hock. 

..  Snfpend  the  bottle  from  the  conductor,  put  the  electro- 
meter in  it's  place,  (fee  the  plate  that  faces  the  title-page  of 
this  work)  and  remove  the  inner  ball  a  (mail  diftance  from 
the  conductor  *,  then  connect  one  director  by  a  wire  with 
the- hook  at  the  bottom  of  the  bottle,  and  the  other  with  the 
exterior  ball  of  the  electrometer ;  the  part  through  which 
the  (hock  is  to  pals,  muft  be  placed  between  thefe  bails ; 
there  will  be  a  ftiock  every  time  the  fluid  has  acquired  fuffi- 
cient  force  to  pafs  from  the  conductor  to  the  electrometer. 

To  give  a  quick  vibratory  fenfation,  not  fo 
pungent  as  the  fhock,  though  ftrpnger  thvi  the 
fpark. 

The  directions  in  the  preceding  article  apply  immediately 

to  the  prefent,  with  only  this  difference,  the  ball  of  the 

electrometer  may  be  removed  further  off,  and  the  long  wire 

is  (p  be  taken  out  of  the  tube  of  the  bottle. 
...» 

Of 
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Of  ATMOSPHERIC  ELECTRICITY. 

The  atmofphcrc  is  always  de*5brified,  fome- 
times  negatively,  but  moft  commonly  with 
pofitivc  electricity^  In  ferene  weather,  the 
eledtricity  is  always  pofitivc,  and  the  quantity  is 
proportional  to  the  quantity  of  moifiure. 

Hail  U  always  accompanied  with  ele&ricity. 

Rain  generally  fo. 

Low  and  thick  fogs  ftrongly  ele£lrical,  though  generally 
m  ore  fo  after  a  froft* 

In  fummer,  the  ele&ricity  of  the  atmofphere  is  very  weak; 
it  grows  ftronger  at  fun-rife,  and  increafes  in  ftrength  with 
the  elevation  thereof ;  at  fun-fet  it  again  becomes  weaker. 

Impetuous  winds  generally  leflen  the  force  of  the  atmo- 
fpheric  eie&ricity. 

A  ftrong  eleftricity  often  rifes  with  the  dew,  particularly 
if  the  feafon  is  cold,  the  fky  clear,  and  very  little  wind. 


Of    a    VACUUM. 

Air  rarified  to  a  certain  degree,  permits  the 
cledtric  fluid  to  pafs  eafily  through  it. 

As  the  air  is  a  non-condu&or,  it  refills  the  motion  of  the 
ele&ric  fluid  ;  therefore,  the  removal  of  it  facilitates  the  ef- 
fort this  fluid  makes  to  efcape  from  the  fubjeft  on  which  it 
is  thrown ;  at  the  fame  time  it  is  highly  probable,  that  it  is 
t>y  means  of  the  vapour  which  expands  itfelf  when  the  pref- 

4  fure 
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fure  of  the  atmofphere  is  taken  off,  tkat  the  elcftric  fluid  is 
conduced  through  the  vacuum ;  for  there  if  reafon  to  think, 
that  electricity  always  requires  a  conductor,  to  make  it  pafs 
from  one  body  to  another ;  and  this  is  further  confirmed  by 
thofc experiments,  which  (hew  that  a  more  perfect  vacuum  of 
air  is  a  non-condudor,  which. will  he  (hewn  in  the  Supple- 
ment. 

Experiment.— Let  a  vacuum  be  made  part  of  the  cir- 
cuit in  difcharging  a  Leyden  phial. 

Experiment,— Let  a  jar  be  charged  in  vacuo. 


A    SUP- 


S'U  PPLEMENT 

TO       TJ    H    B 

S      S     A      Y 

•      H 

ELECTRICITY, 

Containing  an  Account  of  the  Principal 
Discoveries  made  in  that  Science, 
fince  the  Publication  of  the  firft  Edition. 


An  ExtraG  from  Mr.  De  Saujfure's  Inquiries  an4 
Obfervations  on  Atmofpherical  Electricity,  (a) 

TH  E  ele&rometer  ufed  by  Mr.  De  Sauffure  is  nearly  th» 
fame  as  that  of  Mr.  Cavalio's,  which  is  defcribod  in 
my  Effay,  at  page  260,  and  at  fig.  76.    The  following  are 
the  mod  material  circumftances  in  which  they  differ ;  firft, 

th« 


(a)  This  eleftrometer  may  be  ufed  inftead  of  the  condenfer 
of  M.  Volta,  by  only  placing  it  on  a  piece  of  oiled  filk, 
fomewhat  larger  than  the  bafe  of  the  inflrument;  out  in  this 
cafe,  it  is  the  bafe,  and  not  the  top  of  the  inflrument,  which 
mult  be  brought  into  conta&  with  the  fubftancc  whofe  elec- 
tricity is  to  be  explored. 

e  2  By 
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the  fine  wires,  by  which  the  hulls  are  fufpended,  (hould  not 
be  long  enough  to  reach  the  tinfoil  which  is  pafted  on  the 
snfide  of  the  glafs,  becaufc  the  elcclricity,  when  (bong,  wiB 
caufe  them  to  touch  this  tinfoil  twice  confecutiveiy,  and 
thus  deprive  them  in  a  moment  of  their  electricity.  To  pi* 
vent  this  defcft,  and  yet  give  them  a  fufficient  degree  of 
motion,  it  is  neceflary  to  ufe  larger  glaffes  than  thofe  that  ait 
generally  applied  to  Mr.  Cavallo's  elearometer ;  two  or  three 
inches  diameter  will  be  found  to  anfwer  the  purpofe  very 
welL  But  as  k  is  neceflary  to  carry  off  tho  elearicity  whfcl 

ma| 


By  this  inftrument,  it  is  eafy  to  afecrtain  the  degree  of 
conducing  power  in  any  fubftance.     For  example,   if  it.  % 
placed  on  an  iroperfcft  conductor,  as  dry  wood  or  marble, 
and  if  the  inftrument  is  ele&rincd  (Irongly,    and  after- 
wards the  top  is  ^rmrVrii  th»  f  Iflftririty  will  appear  to  be 
deftroyed  ;  but  on  lifting  up  the  inftrument  by  the  top,  the 
balls  will  again  open*   becaufe  the  imperfeft  conductor 
formed  with  the  bafe  a  kind  of  ele&rophorus,  by  which 
th^etecVic  fluid  was  condenfed,  and  loft  it's  tendon,  till 
the  perfect  conductor  was  feparated  from  the  i  rape  rfefiL  one; 
whereat,  if  the  conductor  had  been  more  perfect,  it  would 
have  been  deprived  of  it's  electricity  immediately  on  the  ap- 
plication of  the  hand. 

It  is  eafy  to  difcover  alfo,  by  this  inftrument,  the  electricity 
of  any  fubftance,  as  of  cloaths,  hair  of  different  animals, 
&c.  For  this  purpofe,  it  muft  be  held  by  the  bafe^  and  the 
fubftance  rubbed  brifkly  (only  once)  by  the  ball  of  the  elec- 
trometer ;  the  kind  of  ele&ricity  may  be  afcertained  in  the 
ufual  manner.  It  is  proper,  however,  to  obferve  here,  that 
as  the  top  of  the  electrometer  a£ls  in  this  cafe  as  an  infulated 
rubber,  the  elcclricity  it  acquires  is  always  contrary  to  that 
of  the  rubbed  body. 
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nay  be. communicated  to.  the  iafkk  of  the glaft,  andthush* 
;on£ouiMlcd  with  that  which  belongs  to  thole  fiibftances  that  * 
ice  under  examination ;  four  pieces  of  tinfoil  fhould  be 
pajted  on  the  infideof  the  glafs ;  the  balls  fhould  not  he 
more  than  l-soth  of  an  inch  diameter,  fufpeaded  by  filvcr 
\yirc*  moving  freely  in  holes  nicely  rounded.  The  bottom 
of  the  electrometer  ihould  be  of  metal;  for  this  renders  it 
more  eaCy  to  deprive  them  of  any  acquired  electricity*  by 
touching  the  bottom  and  top  at  the  fame  time.  (if). 

In.  order  to  collect  a  great  quantity  of  ele&ricity  from  tiki 
air»  the  efe£trometer  is  furnilhed  wkh  a  pointed  wire,  15 
inches!  or  two  feet  long,  which  unferews  in-three  or  four 
pieces,  to  render  the  inftrument  more  portable ;  fee  fig.  4* 
When  it  rains  or  fhows,  the  iisall  parapluie,  6g.  5,  k  to  be 
fcrewed  on  the  top  of  the  inftrument,  as  by  this  it's  krfuiattom 
ip  preferred,  notwithstanding  the  rain. 

This  in&rument  indicates  not  only  the  electricity  of  fog% 
but  that  alfo  of  ferene  weather,  and  enables  us  to  dikover 
the  kind  of  ele&ricity  which  reign*  in  the  armofphere ;  and 
to  a  certain  degree,  to  form  an  eftimate  of  it's  quantity, 
and  that  under  two  different  points  of  view,  the  degree  of 
fntenuty,  and  the  diftance  from  the  earth  at  which  it  firft 
begins  to  be  fenfiblc. 

A  conductor  (c)  exhibits  figns  of  ele&ricity,  only  when 
the  ele&ric  fluid  is  more  or  lets  condenfed  in  the  air,  tha* 
in  the  earth.  Though  the  air  refills  the  pafiage  of  the  eioc* 
trie  fluid,  it  is  not  absolutely  impermeable  to  it ;  it  fuffers 
it  to  pais  gradually,  and  generally  with  more  eafe  in  pro* 
portion  as  it's  mafs  or  thicknefs  is  lefs*  It  is  therefore  in- 
terfiling 


(*)   Voyage  dans  lea  Alpcs  par   Efi.De  Saufiure, 
Tom,  fecond. 

(#)  A  conductor  raifed  for  the  purpofa  of  making  at- 
tnofpherical  experiments  is  meant  here. 
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terefting  to  difcover  at  what  height  it  is  neceflary  to  U 
elevated,  in  order  to  find  a  fenfible  difference  between' 
the  electricity  of  the  earth,  and  that  of  the  air.  Avery 
fenfible  difference  may  be  generally  discovered  by  this  in- 
ftrument,  at  the  diftance  of  four  or  five  feet  from  the 
ground ;  fomctimes  it  may  be  feen  if  the  inftrument  ii 
placed  even  on  the  ground,  while  at  others,  it  muft  bs 
raifed  feven  or  more  feet  before  the  balls  will  open ;  fomc- 
times, though  feldom,  this  height  is  not  fufficient.  Thi 
diftance  is  generally  greateft  when  the  electricity  is  ftronf 
eft,  though  neccffarily  modified  by  a  variety  of  circum- 
ftances,  fome  of  which  are  known,  as  the  degree  of  dry* 
nefs  or  humidity  of  the  air,  and  others  are  unknown. 

The  degree  of  intenfity,  at  a  given  height,  may  be  difeo- 
vered  thus;  raife  the  electrometer,  and  judge  by  the  divi* 
lions  which  are  placed  on  the  edge  thereof,  the  degree  of 
their  divergence.  To  find  the  relation  between  this  degree 
of  divergence,  and  the  force  of  the  electricity,  M.  De 
Sauffure  took  the  following  method,  as  he  could  not  with 
certainty  double  or  triple  a  given  quantity  of  electricity; 
yet,  as  a  given  force  may  be  reduced  one  half,  a  fourth,  or 
eighth,  &c.  by  dividing  it  between  two  equal  and  fimilar 
bodies,  the  electricity  contained  in  one ;  he  took  two  #f  his 
unarmed  electrometers,  which  were  as  fimilar  as  poffible, 
and  electrified  one  of  them,  fo  that  the  balls  feparated  pre- 
cifely  6  lines  ;  he  then  touched  the  top  thereof  by  the  top 
of  that  which  was  not  electrified ;  in  an  inftant  the  electri- 
city was  equally  divided  between  them,  as  was  evident  by 
the  divergence  of  the  balls,  which  was  4  lines  in  each ; 
confequcntly,  a  diminution  of  half  the  denfity  had  only 
leflened  the  divergence  one  third.  One  of  thefe  electro- 
meters was  then  deprived  of  it's  electricity,  and  was  after- 
wards brought  in  contact  with  the  other,  as  before  ;  the  re- 
4  maining 


SUPPLEMENT.  xli 

ining  ele&ricity  divided  itfclf  again  between  them,  and 
balls  fell  from  4  to  28  lines,  nearly  in  the  fame  propor- 
1  as  before ;  in  the  third  operation  they  fell  to  19 ;  in 
:  fourth  to  one,  where  he  was  obliged  to  flop,  as  there 
>  not  now  fufficient  force  in  the  fluid  to  pafs  from  one 
Urometer  to  the  other,  and  diflribute  itfelf  uniformly 
ween  them.  The  fame  experiment  repeated  feveral 
ea,  gave  very  nearly  the  fame  refults.  Negative  elec- 
ity  decreafed  alfo  in  the  fame  proportion  as  the  pofitive. 
e  following  table  may  therefore  be  confidered  as  giving 
meral,  though  not  exa&  idea  (tin  apcrpi)  of  the  incrcafe  in 
ce,  which  correfponds  to  different  degrees  of  divergence 
the  balls ;  it  is  only  calculated  to  every  fourth  of  a  line  \ 
force  of  eleftricity  is  always  expreffed  by  whole  num- 
*,  as  it  would  be  ridiculous  to  "put  a  greater  degree  of 
&nefs  in  the  numbers,  than  is  to  be  found  in  the  ex- 
iments  which  form  the  bafis  of  the  calculation,  (d) 


i  (lance  of  the  balls 

Correfponding  forces 

1  fourths  of  aline. 

Qf  eleftricity. 

1                — - 

1 

a               

2 

3                " 

3 

4                

4 

5                

5 

6               

6 

» 

Diflance 

[d)  Mr*  Pe  Sauflure,  in  a  long  note,  anticipates  the  ob- 
bons  that  may  be  made  to  the  foregoing  method  of  edi- 
ting the  force  of  electricity ;  but  as  at  trie  moil  they  only 
•w  that  this  fcience  is  at  prefent  in  a  flate  of  confiderable 
perfection,  it  will  be  unneceuary  to  take  notice  of  them 
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Pittance  of  the  balls 

Corresponding  forces 

in  fourths  of  a 

line* 

of  ele&riciry. 

7 



8 

* 



to 

9 



-r—                   1« 

10 



*4 

11 

— 

17 

is 

— 

— -                ao 

*3 

— ■- 

—          «a 

M 



*6 

*5 

— — 

»9 

16 

— — 

—          s» 

*7 



36 

iS 

— 

40 

*9 

— • 

44 

so 

— — 

48 

21 

— 

5» 

22 



56 

»3 

— 

60 

24 

— — 

64 

Thofe  who  aredefirous  to  carry  this  mcafurc  of  the  ele&ric 
force  further,  may  do  it  by  having  fimilar  electrometers  con- 
ftruftcd,  but  made  upon  a  larger  fcale,  and  with  heavier 
balls,  which  would  only  feparatc  one  line,  with  the  degree 
of  ele£lricity  that  makes  the  fmalicr  ones  diverge  6  lines; 
thefe  would  consequently  meafure  a  force  1024  times  greater 
than  that  which  forms  the  unity  of  the  preceding  table,  and 
thus  by  degrees  we  may  be  enabled  to  difcover  the  ratio  of 
the  ftrongeft  difcharge  of  a  great  battery,  or  perhaps  even  of 
thunder  itfclf,  to  that  of  a  piece  of  amber,  which  only  attri£b 
a  bit  of  flraw.  (t) 

Of 


•to 


(1)  The  confideration  of  the  repulfive  force  is  not  fufHd- 
ent  to  difcover  theabfolute  force  of  an  explofion,  or  electrical 

difcharge. 
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Of  the  manner  of  obferving  the  eledtricity  of 
the  atmofphere  with  the  ele&rOmcten 

The  firft  thirtg  is  to  bring  the  ele&ric  fluid  contained  in 
the  elc&rometer,  to  the  fame  degree  of  denfity  with  that  at 
the  furface  of  the  earth ;  this  is  eafily  done  by  letting  the 
bottom  and  top  touch  the  ground  at  the  fame  time ;  fee  fig*  6 ; 

then 

'  . .  r       ■  ..     .  -  ■ 

discharge.  For  Mr.  Volta  has  Ihewn*  that  the  force  of  a 
difchargc  depends  principally  on  the  quantity  of  the  ele&ric 
fluid  which  paflcs  from  one  body  to  another.  Now  the  re- 
pulfwe  force  of  the  electrometer  only  indicates  the  ratio  of 
this  quantity,  in  equal  and  fimilar  bodies,  and  which  arealfo 
fimilarly  fitua ted.  If  equal  quantities  of  the  ele£lric  fluid 
were  imparted  to  two  unequal  and  feparate  conductors,  the 
ele&ric  fluid  being  lefs  condenfed  on  the  largeft,  would 
ac~l  with  the  lead  force  on  the  electrometer  j  though  it  is 
probable,  the  force  of  the  difcharge  in  die  two  conductors 
would  be  equal.  The  repul five  force  fcrves,  however,  to 
.(hew  what  Mr.  Volta  calls  the  eUtlrical  capacity  of  a  body, 
the  quantity  of  the  ele&ric  fluid  it  a&ually  contains,  or  is 
capable  of  containing.  To  efrcft  this,  and  have  points  of 
companion,  we  (houldufc  light  metallic  balls,  of  different 
fizes,  fufpended  by  filk  thread.  One  of  thefe  balls,  unele&ri- 
Eed,  being  brought  intocontaft  with  the  Tubftancc  whofe 
electricity  is  to  be  explored,  will  diminifli  the  tcnfion,  or 
repulfive  force  of  this  fubftance ;  and  the  quantity  diminifli- 
ed  by  the  contact  of  the' ball,  will  give  the  ratio  of  the 
capacity  of  this  fubftance  with  that  of  the  ball.  Let  us 
fuppofe  a  Leyden  phial  uninfulated,  but  fo  concealed,  that 
only  the  knob  is  vifible,  and  we  are  therefore  ignorant  of 
it's  fl2e,  and  the  ftrength  of  the  (hock  it  will  give.    Let  the 

f  ton 
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then  raife  the  point,  keeping  the  bottom  (till  in  coated 
with  the  ground^  from  whence  it  may  be  lifted  up  in  a 
vertical  po  fit  ion,  till  the  balls  are  level  with  the  eye. 

The  fecond  circumftance  is  to  render  the  divergence 
of  the  balls,  which  is  pccafioned  by  the  electricity  of  tbc 
air,  permanent.  This  is  efLr&ed  by  touching  the  top  of  the 
electrometer  with  the  finger ;  but  here  the  acquired  elec- 
tricity becomes  contrary  to  that  of  the  body,  by  which  they 
are  elc&rificd.  Let  us  fuppofe,  for  example,  tha.t  the  ekc- 
trometer  is  at  five  feet  from  the  ground,  and  the  balls  di- 
verging ;  touch  the  top  of  the  electrometer  with  the  finger, 
and  the  balls  will  clofe;  but  they  will  again  open,  if  the 
ele&romctcr  is  withdrawn  from  the  influence  of  the  eke 
tricity  of  the  air,  by  being  brought  nearer  the  ground,  a 
into  the  houfe.  Mr.  De  Saunure  only  employed  thisne- 
tliod,  when  the  clc&ricity  was  fo  weak,  that  he  could  ntt 
'perceive  any  until  the  electrometer  was  raifed  confide* 
ably  above  his  eye  ;  as  in  this  cafe,  he  could  not  percem 
the  divergence  of  the  balls,  he  always  endeavoured  to  ob- 
tain a  permanent  electricity  in  the  foregoing  manner. 

To 


top  of  M,  De  Sauflure's  eb&rometer  be  in  contact  with 
the  knob  of  the  bottle,  and  the  balls  of  the  electrometer 
ieparate  6  Kncs, — from  this  foli{ary  fa&,  we  (hall  gain  no 
Information  relative  to  the  force  of  the  fhock ;  becaufe,  if 
the  jar  is  very  large,  this  degree  of  tcnfion  will  give  a  very 
painful  fenfation ;  when,  if  it  is  very  ftnall,  with  the  tame 
indicated  tenfion,  the  fenfation  may  be  almoft  imperceptible. 
But  if  I  bring  a  ball,  of  a  foot  diameter,  in  contact  with  tbc 
knob  of  the  bottle,  and  after  having  thus  taken  a  part  of  thi 
fluid  therefrom,  the  electrometer  is  again  put  in  contaft  with 
the  knob  thereof,  the  remaining  quantity  of  repulfive  force 
will  (hew  the  relation  between  it's  contents  and  that  of  da 
globe  of  metal,  and  by  this  means  the  intenuty  of  it's  charge. 


SUPPLEMENT.         xW 

To  know  whether  the  balls  feparate  with  pofitive  or  ne- 
gative ele&ricity,  bring  a  piece  of  excited  wax  gradually 
near  the  top  of  the  electrometer ;  if  the  balls  feparate  fur* 
thcr  on  the  approach  of  the  wax,  they  are  negatively  elec- 
trified, or  of  the  fame  nature  with  the  f  leclricity  of  the 
wax  ;  if  on  the  other  hand  they  come  nearer  together,  on 
the  approach  of  the  wax,  then  the  electricity  is  pofitivcy 
or  in  a  contrary  (late  to  that  of  the  wax.  If  glafs  is  ufed, 
the  refults  will  be  cxa&ly  the  rcverfe  of  the  preceding. 

The  following  example  will  render  the  ufe  of  the  fore- 
going observations  more  familiar.     Choofe  an  open  fitua* 
tion,  free  from  trees  and  houfes,  fcrcw  the  conductor  oq 
the  top  of  the  clcdrometer,  lay  hold  of   it  by   it's  hafe, 
and  place  it  fo  that  the  bafc  and  conductor  may  touch  the. 
ground  at  (he  fame  time,  then  elevate  it  to  the  height  of 
the  eye,  and  obferve  the  quantity  of  lines,  or  fourths  of  a 
line,  that  the  balls  have  diverged  ;  now  lower  it  till  the  balls, 
almofl  touch  each  other,  and  obferve  at  what  diftance  the 
top  of  the  conductor  is  from  the  ground  ;  and  this  is  the 
height  from  the  ground,  at  which  the  electricity  of  the  air 
begins  to  be  fenfible.     If  the  elc&ricity  of  the  air  is  fuffi- 
ciently  ftrong  to  make  the  balls  diverge  when  it  (lands  upon 
the  ground,  one  of  the  lengths  of  the  electrometer  mull  be 
unferewed  from  it.     If  the  balls  however  ftill  diverge,  the, 
other  parts  of  the  conductor  (hould  alfo  be  unferewed,   and 
you  may  mark  down,    that  the  electricity  is  fenfible  at  zero, 
or  on  the  furfaee  of  the  earth.     If,  on  the  contrary,  the  elec- 
tricity is  fo  weak,  as    not  to  caufe  the  balls  to  diverge, 
when  they  are  even  with  the  eye,  and  confequently  when 
the  conductor  is  two  feet  higher,  or  7  feet  from  the  ground, 
you  fhould  then  raife  it  a  foot  higher ;  while  it  is  thus  ele- 
vated, touch  the  top  with  the  other  hand  ;  when  this  hand 
is  taken  away,  lower  the  electrometer,  and  if  it  is  ele&ri- 

f  *  fied» 


thi        SUPPLEMENT. 

ficd,  you  may  fay  the  ele&ricity  is  fcnfible  at  8  feet ;  if  H 
is  not,  raifc  it  as  high  as  the  arm  can  reach,  and  repeat  the 
fame  operation;  if  any  cle&ricity  is  found,  write  down 
electricity  fenfible  at  9  feet ;  if  not,  mark  o,  or  no  electricity 
relative  to  this  inftrument,  and  this  mode  of  employing 
it ;  for  figns  of  electricity  may  ftill  be  obtained,  by  throw- 
ing a  metallic  ball  50  or. 60  feet  into  the  air,  which  is  tf 
the  fame  time  connected  with  the  electrometer  by  a  metallic 
thread. 

One  advantage  of  this  inftrument  is,  that  it  will  often 
exhibit  figns  of  ele&ricity ,  when  none  can  be  obtained  from 
a  conductor  of  a  hundred  feet  in  height,  becaufe  it  cat 
more  eafily  be  preferved  from  humidity,  &c.  which  de* 
ftroy  the  infulation  of  the  large  conductors. 

Aerial  electricity  varies  according  to  the  fituation  ;  it  is 
generally  (Iron ge ft  in  elevated  and  infulated  fttuattons,  not 
to  be  obferved  under  trees,  in  ftreets,  in  hpufes,  or  any  in- 
clofed  places ;  though  it  is  fomethnes  to  be  found  pretty 
ftrong  on  quays  and  bridges.  It  is  alfo  not  fo  mucn  the 
abfolute  height  of  the  places,  as  their  fituation  ;  thus  a  pro- 
jecting angle  of  a  high  hill  will  often  exhibit  a  ftronger 
electricity  than  the  plain  at  the  top  of  the  hill,  as  there 
are  fewer  points  in  the  former  to  deprive  the  air  of  it's 
-eleftricity. 

Theintenfity  of  the  atmofpheric  electricity  is  varied  by 
a  great  many  circumftances,  fomc  of  which  may  be  ac- 
counted for,  others  cannot.  When  the  weather  is  not  ferene, 
it  is  impoflible  to  aftign  any  rule  for  their  variation,  as  np  re- 
gular correfpondence  can  then  be  perceived  with  the  dif- 
ferent hours  of  the  day,  nor  with  the  various  modifications 
of  the  air.  The  reafon  is  evident ;  when  contrary  and 
variable  winds  reign  at  different  heights,  when  clouds  are 
foiling  over  clouds,  thefe  winds  and  clouds,  which  we  can* 
not  perceive  by  any  exterior  fign,  influence  however  the 
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ftrata  ofair  in  which  wc  make  out  experiments,  product 
thefe  changes  of  which  we  only  fee  the  refult,  without  be- 
ing able  to  aflign  cither  the  caufe,  or  it's  relation.  Thus,  in 
ftormy  weather,  we  fee  the  electricity  ftrong,  then  null; 
and  in  a  moment  after  arife  to  it's  former  force ;  one  inftant 
pofitive,  the  next  negative,  without  being  able  to  aflign 
any  reafon  for  thefe  changes.  Mr.  De  Sauffure  fays,  that 
he  has  feen  thefe  changes  fucceed  with  fuch  rapidity,  that 
he  had  not  time  to  note  them  down. 

When  rain  falls  without  a  ftorm,  thefe  changes  are  not 
fo  fudden ;  they  are  however  very  irregular,  particularly 
with  refpeft  to  the  intenfity  of  force  ;  the  quality  thereof 
is  more  conftant.  Rain,  or  fnow,  almoft  uniformly  gives 
pofitive  electricity. 

In  cloudy  weather,  without  rain  or  ftorms,  the  electricity 
follows  generally  the  fame  laws  as  in  ferene  weather. 

Strong  winds  generally  diminifh  it's  intenfity,  they  mix 
together-  the  different  ftrata  of  the  atmofphere,  and  make 
them  pafs  fucceflively  towards  the  ground,  and  thus  diftri- 
bute  the  electricity  uniformly  between  the  earth  and  the  air ; 
Mr.  De  Sauflure  has  obferved  a  ftrong  electricity  with  a 
ftrong  north  wind  (la  bifc). 

The  (late  of  the  air,  in  which  the  ele&ricity  is  ftrongelr, 
is  foggy  weather ;  this  is  always  accompanied  with  electri- 
city, except  when  the  fog  is  going  to  refoive  into  rain. 

The  mod  interefting  observations,  and  thofe  which  throw 
the  greateft  light  upon  the  various  modifications  of  elec- 
tricity in  our  atmofphere,  are  thofe  that  are  made  in  ferene 
weather.     In  winter,  (during  which  mod  of  Mr.  De  Sauf- 
fure's  obfervations  were  made)  and  in  ferene  weather,  the 
electricity  was  generally  weakefl  in  an  evening,  when  the 
dew  had  fallen,  until  the  moment  of  the  fun's  rifing  ;  it's 
intenfity  after w  ards  augmented  by  degrees,  fometimes  fooner, 
and  fometimes  later ;  but  generally  before  noon,  it    at- 
tained 


*J viii      $  U-P  P'  fc  *  *I<  Er  N  T. 

twined  a  certain  maximum,  from  whence  it  again  declined, 
till  the  fall  of  the  dew,  when  it  would  be  fomctimes  ftronger 
than  it  had  beenduring  the.  whole  day ;  after  which,  it  woukj 
again  gradually  dimimfh  during  the  whole  night ;  but  k 
*evcr  quite  deftroyed,  if  the  weather  is  perfc&ly  ferene. 

Atmqfpherical  electricity  ieems,  therefore,  like  the  fa, 
tp  be  fubjed.to  a  flux  and  reflux,  which  caufes  it  to  incrofc 
M^df  dinainiflv:  twice  in  24  hours,  The  moments  of  it's  grcaV 
eft  force  are  fome  hours  after  the  riling  and  fetting  of  tk 
fun ;  thofc  wjien  it  is  weakeft,  precede  the  rifing  and  fetting 
thereof.  This  will  be  further  explained,  in  the  foUowiiJ 
pages, 

Mr.  DeSauffurehaSrgiven  an  inOance^f  this  periodic  flu 
in  elcclricity,  on  the  22d  of  February,  1785,  (one  of  die 
qoldeft  days  ever  remembered  at  Geneva ;)  the  hygrometer 
and  thermometer  were  fufpended  in  the  open  air,  on  a  19 
ra£e  expofed  to  the  fouth-weft  ;  the  electrometer,  from  it's 
fituation,  indicated  an  electricity,  equal  to  what  it  wouU 
have. (hewn  if  it  had  been  placed,  on  an  open  plain*  The 
height  of  the  barometer  is  reduced  to  what  it  would  have 
been  if  the  mercury  had  been  conftantly  at  the  temperature 
of  1  o  degrees  of  Reaumur's  thermometer.  The  place  of  obr 
(ervation  was  elevated  60  feet  above  the  level  of  the  lake 
The  obferva  lions  of  the  day  preceding  and  following  this 
great  cold,  are  inferted  in  the  following  tabic ;  becaufe  it  if 
plea  fin  g  to  have  the  obfervations  which  precede  and  follow 
any  fingular  phaonomena.  There  was  a  weak  S.  W.  wind 
during  the  whole  three  days;  and  it  is  rather  remarkable^ 
that  mod  of  the  great  colds,  which  have  been  obferved  aft 
Geneva,  were  preceded  by,  or  at  leaft  accompanied  with, 
t  little  S,  W.  breeze. 
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I  SUPPLEMENT. 

From  the  firft  18  observations  of  this  table,  when  the  fky 
was  quite  ferene,  We  fee  that  the  elc&ricity  was  pretty"  ftrong 
it  9  in  the  morning,  that  from  thence  it  gradually  diminifh* 
ed  till  towards  6  in  the  evening,  Which  was  it's  firft  mini- 
mum ;  after  which  it  increafed  again  till  8,  it's  fecond  max- 
imum, from  whence  it  again  gradually  declined  till  6  the 
next  morning,  which  was  the  time  of  it's  fecond  minimum ; 
after  which,  it  again  increafed  till  ten  in  the  morning,  which 
was  the  firft  maximum  of  the  following  day  ;  as  this  was 
cloudy,  the  ele&ric  periods  were  not  fo  regular. 

The  electricity  of  ferene  weather  it  much  weaker  in  fu  ai- 
mer than  in  winter,  which  renders  it  more  difficult  to  obferVe 
thefe  gradations  in  fummer  than  in  winter  *,  befides  a  variety 
of  accidental  caufes,  which  at  the  fame  time  render  them 
more  uncertain.  In  general,  in  fummer,  if  the  ground  hat 
been  dry  for  fome  days,  and  the  air  is  dry  alfo,  the 
electricity  generally  increafes,  from  the  rifmg  of  the  fun  till 
3  or  4  in  the  afternoon,  when  it  is  ftrongeft ;  it  then  di- 
minifhes  till  the  dew  begins  to  fall,  which  again  reanimates 
it ;  though  after  this  it  declines,  and  is  almofl  extinguifhed 
during  the  night. 

But  the  ferene  days  thatfucceed  rainy  weather  in  fumtrier, 
generally  exhibit  the  fame  diurnal  periods  of  dates  of  elec- 
tricity, as  are  to  be  obferved  in  winter. 

The  air  is  invariably  pofitive  in  ferene  weather,  both  in 
winter  and  fummer,  day  and  night,  in  the  fun  or  in  the 
dew.  It  would  feem,  therefore,  that  the  electricity  of  the 
air  is  eflentially  pofitive,  and  that  whenever  it  appears  to  be 
negative,  in  certain  rains  or  in  dorms*  it  probably  afifes 
from  fome  clouds,  which  have  been  expofed  to  the  preuure 
of  the  ele&ric  fluid  contained  in  the  upper  part  of  the  atmo- 
fphere,  or  to  more  elevated  clouds,  that  have  difcharged  a 
part  of  their  fluid  upon  the  earth,  or  upon  other  clouds* 
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In  order  to  find  out  the  caufc  of  thcfc  phenomena,  Mr.  De 
Sauflure  inflituted  a  fet  of  experiments  on  evaporation, 
avoiding  the  ufe  of  Mr.  de  Volta's  condenfcr. 

To  produce  a  flrong  evaporation,  he  threw  a  mafs  of  red 
hot  iron  into  a  fmall  quantity  of  water,  which  was  contained 
in  a  coffee  pot,  with  a  large  mouth,  and  fufpended  by  filk 
firings;  by  this  he  obtained  a  flrong  pofitive  ele&ricity, 
though,  according  to  Mr.  Volta's  fyflem,  it  ought  to  have 
been  negative ;  the  experiment  was  repeated  feveral  times, 
varying  fome  of  the  circumftances,  but  the  refult  was  always 
the  fame. 

As  it  was  not  eafy  to  think  fo  able  a  philofopher  as  Mr. 
Volta  was  deceived,  it  was  neceflary  to  try  the  experiment 
in  a  manner  more  analagous  to  that  of  Mr.  Volta.  A  fmall 
chafing-difh  was  therefore  infulated  by  filk  cords,  and  the 
coffee-pot,  with  a  fmall  quantity  of  water,  piaced  on  it ;  one 
electrometer  was  connected  with  the  ceffee-pot,  and  another 
with  the  chafing-difh  ;  the  fire  was  raifed  by  a  pair  of  bel- 
lows; when  the  water  had  boiled  flrongly  for  a  few  minute*, 
both  electrometers  exhibited  figns  of  electricity,  which,  on 
examination,  was  found  to  be  negative  ;  proving  the  truth  of 
Mr.  Volta's  experiment.  The  evaporation  produced  by  the 
effervefcence  of  iron  in  the  vitriolic  acid,  and  by  that  of 
chalk  in  the  fame  acid,  gave  alfo  negative  ele&ricity. 

It  was  now  neceflary  to  inquire,  why  the  vapour,  excited 
by  the  heated  iron,  produced  pofitive  ele&ricity ;  while  that 
from  boiling  water,  in  any  other  way,  produced  a  negative 
ele&ricity. 

Mr.  De  Sauflure  fufpe&ed,  that  the  intenfity  of  heat  to 
which  the  water  is  expofed,  by  the  conta&  of  a  body  in  a' 
ftate  of  incandefcence,  was  the  caufe  of  the  ele&ricity  pro- 
duced by  it's  evaporation,  and  that  a  combination  was  then 
formed,  by  which  a  new  quantity  of  the  ele&ric .fluid  was 
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produced.  This  conje&ure  may  at  firfl  fight  fecm  improbable; 
but  the  quantity  6f  ele&ricity  produced  by  this  experiment, 
will  aflonifh  thofe  that  repeat  it ;  and  this  quantity  is  the 
more  furprizing,  becaufe,  if  it  is  true,  according*  to  the 
fyftem  of  Mr.  Volta,  that  the  vapours  abforb,  while  they  are 
forming,  a  quantity  of  the  ele&ric  fluid,  there  mutt,  there- 
fore, be  enough  developed  in  this  experiment,  for  the  for- 
mation  of  the  great  quantity  of  vapours  produced  by  the 
heated  iron,  and  afterwards  a  fufficient  quantity  to  electrify 
ftrongly  the  apparatus,  and  all  thefe  vapours. 

This  experiment  (hews  clearly  the  caufe  of  that  prodigious 
quantity  of  electricity,  which  is  unfolded  in  the  eruption  of 
volcanos ;  as  it  is  probable,  that  the  water  in  thefe,  frc* 
many  circum  fiances,  acquires  a  much  greater  degree  of  hot 
than  is  given  to  it  in  our  experiments. 

To  verify  (his  conjecture,  that  it  was  ia  fome  meafure  tfc 
combuflion  of  the  water,  or  the  iron,  that  produced  the  pofi- 
thre  electricity,  it  was  proper  to  try  whether,  by  a  regubr 
moderation  of  the  heat  of  the  iron,  pofitive  electricity  would 
always  be  obtained.  This  was  euayed  in  the  following 
manner:  A  large  iron  crucible,  5  inches  high,  4 in  diameter, 
and  6  lines  thick*,  was  heated  red  hot,  then  infulated ;  after 
which,  final!  quantities  of  water  were  thrown  into  it,  eacB 
projection  of  the  water  cooling  more  and  more  the  crucible; 
thus  defcending  by  degrees^  till  there  was  only  fufficient 
heat  to  boil  the  water ;  carefully  observing,  and  thtn  de- 
ftroyingthe  electricity  produced  at  each  projection.  The  elec- 
tricity wis  always  pofitive  or  null ;  at  the  firfl  projections 
it  was  very  ftrong  ;  it  gradually  diminHhed  to  the  twelfth, 
when  it  waa  feafee  fenfible,  though  always  with  a  tendency 
to  be  pofitive. 

On  repeating  this  experiment,  and  varying  it  in  dtfrerenf 

ways,  a  remarkable  cifcumftance  was  obferved :  When  a 
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fmall  quantity  of  water  was  thrown  into  the  crucible,  the 
moment  it  was  taken  from  the  fire,  while  it  was  of  a  pale 
*ed,  approaching  what  is  called  the  white  heat,  no  electri- 
city was  obtained. 

This  fa&  feemed  to  have  fome  connection  with  another 
mentioned  by  Muflchcmbrock,  that  water  evaporates  more 
(lowly  on  a  metal,  or  any  other  incandefcent  body,  than  on 
the  fame  body,  heated  only  a  fmall  degree  above  boiling 
water.  To  examine  this  relation,  and  to  find  whether  there 
was  any  between  the  periods  of  evaporation,  and  the  produc- 
tion of  electricity,  Mr.  De  Sauffure  made  a  great  number 
of  experiments,  which  are  moft  accurately  defcribed  in  his 
excellent  work  ;  but  as  the  detail  would  be  much  too  long  to 
be  introduced  in  this  Supplement,  I  mull  content  myfelf 
with  prefenn'ng  the  reader  with  the  heads  thereof,  and  a 
defcription  of  the  apparatus. 

The  apparatus  confided  of  a  pot  of  clay,  well  baked  or 
annealed,  15  lines  thick,  and  4  inches  diameter ;  this  was 
infulated  by  a  dry  glafs  goblet ;  upon  this  pot  was  placed 
the  crucible,  or  any  other  heated  fubftance,  on  which  the 
water  was  to  be  thrown,  in  order  to  be  reduced  into  va- 
pouj^;  the  crucible  was  contiguous  to'  a  wire  connected 
with  an  electrometer ;  a  meafure,  containing  54  grains 
weight  of  diftilled  water,  was  thrown  upon  the  heated  cru- 
cible; (he  time  employed  in  the  evaporation  thereof  was 
obferved  by  a  fecond  watch ;  the  electricity  produced  by 
this  evaporation  was  noted.  When  this  meafure  of  water 
was  reduced  into  vapour,  the  electricity  of  the  apparatus  is 
dedroyed,  and  afrefh  meafure  of  water  is  thrown  into  the 
crucible,  proceeding  in  the  fame  manner  till  the  crucible  is 
aimoft  cold. 

The  firft  experiment  was  with  an  iron  crucitye,  from 
which  it  was  found,  that  Muffchembrock  was  not  right,  in 
(aying  that  the  evaporation  was  flowed  when  the  iron  was 
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totteft  ;  for  at  the  inftant  it  wat  taken  from  the  fire,  it  re- 
quired 19  feconds  to  evaporate  the  water,  and  took  more 
time  till  the  third  projection*  when  it  took  35  feconds, 
though  from  that  period  it  employed  lefs  timc^  or  in  other 
words,  the  evaporation  accelerated  in  proportion  astke 
iron  cooled. 

With  refpect  to  the  electricity,  it  was  at  firft  o,  then  po» 
fitive,  afterwards  negative,  then  o,  and  afterwards  pofitivi 
to  the  end  of  the  experiment.  The  vapour  was  not  vifibb 
till  the  7th  projection. 

In  the  fecond  experiment  with  the  fame  crucible,  tHot^k 
every  endeavour  was  made  ufe  of  to  render  them  as  uxnils 
as  poflible,   the  electricity  was  conflantly  pofitive. 

The  third  experiment  was  with  a  copper  crucible  ;  here  atfl 
the  electricity  was  pofitivc,  and  the  longed  time  employedii 
evaporation  was  not  the  inftant  of  the  greatcft  beat,  Itwn 
very  curie  us  to  fee  the  water  endeavouring  to  gather  itfetf 
into  a  globule,  like  mercury  on  glafs,  to  be  fometimet  im- 
moveable, and  then  to  turn  on  itfelf  horizontally,  wtdi 
great  rapidity;  fometimes  throwing  from  fome  of  it's 
points  a  little  jet^  accompanied  with  an  hiding  noife. 

The  fourth  experiment  was  with  the  fame  crucible ;  die 
electricity  was  at  firft  negative,  then  conflantly  po fitive. 

The  fifth  was  with  a  crucible  of  pure  filver;  aconfiderabk 
time  was  employed  here  in  evaporating  the  fame  quantity 
of  water  ;  even  in  the  inftant  of  the  grcatcft  heat  it  took  5 
minutes,  6  feconds;  the  electricity  was  weak,  three  tines 
no  electricity  was  perceived,  five  times  negative  electricity 
was  difcovcred. 

In  a  fixth  experiment  with  the  fame  crucible,  a  pofuive 
'      electricity  was  obtained,   at  the  fecond  projection,   afta 
which  none  of  any  kind  was  perceived. 
The  feventh  with  the  fame,  gave  at  nrft^a  ftrong  negative 
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tkaricity,  the  fecond  and  tl  ird  proje&ion  gave  a  weak 
pofitive  ele&ricity. 

The  eighth  was  made  with  a  porcelain  cup ;  here  the  eva*. 
poration  was  flower  at  the  fecond,  than  the  firtt  projection  ; 
but  iron:  this  it  took  longer  time  till  it  was  cold,  contrary 
to  what  happened  with  the  metals  ;  the  ele&ricity  was  al- 
ways negative. 

The  ninth  and  tenth  experiments  with  the  Came  cup, 
produced  fimilar  effe&s. 

The  eleventh  experiment  was  with  fpirits  of  wine  in  a 
filver  crucible ;  here  there  was  no  ele&ricity  produced  at 
the  two  firft  projections,  and  what  was  afterwards  obtained 
was  negative. 

Twelfth  experiment  with  ether;  here  the  electricity  was 
alfo  negative*  Thcfe  two  inflammable  fluids,  in  evaporating 
followed  the  fame  laws  as  water,  being  dillipated  at  fiftfc 
©oft  rapidly  in  the  greateft  heat,  afterwards  taking  a  longer 
and  longer  time  before  they  were  evaporated,  to  a  certain 
period,  then  employing  lefs  time,  or  evaporating  quicker, 
till  the  crucible  was  nearly  cold. 

Now  as  china  and  filver  always  produced  negative  elec- 
tricity, while  iron  and  copper  have  generally  given  pofitive 
electricity,  we  may  conclude,  that  ele&ricity  is  pofitive 
with  thofe  bodies  that  are  capable  of  decompofing  water, 
or  of  being  decompofed  themfelves  by  their  conta&  with  the 
water ;  and  negative  with  thofe  which  are  not  at  all  de- 
compofed or  altered. 

From  hence  Mr.  De  Saufjurc  conje&ures,  that  the  eke* 
trie  fluid  may  be  looked  upon,  as  formed  by  the  union  of 
fire  with  feme  unknown  principle,  perhaps  a  fluid  ana- 
logous to  inflammable  air,  but  exceedingly  more  fubtiL 
This  analogy  feems  to  him  fumciendy  proved  by  the  inflam* 
mation  of  the  ele&ric  fluid,  and  by  the  diminution  of  the 
air  in  which  this  inflammation  is  made.    Though  many 
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doubts  have  been  attempted  to  be  thrown  on  this  infimma- 
tion,  there  fcems  to  be  one  reafon  which  forces  us  to  ad- 
roit it,  which  is  the  lots  of  a  quantity  of  this  fluid  it 
every  fpark  ;  we  may  diminifh  at  pleafurc  any  quantity  tf 
this  fluid,  (cnlc  faifant  et  incder)  by  taking  a  number  of 
fparks  from  it.  From  whence  alfo  it  may  be  inferred,  tbtf 
a  confiderable  quantity  is  deftroyed  every  day  by  thunder. 
According  to  thisfyftem,  when  the  operation,  whid 
converts  water  into  vapour,  produces  at  the  fame  time) 
decompofition,  it  then  generates  the  ele&ric  fluid.  A  part 
of  this  fluid  combines  itfelf  immediately  with  thefe  vapous, 
and  ferves  even  to  form  them.  The  vefTcJ,  in  which  tins 
operation  is  performed,  will  acquire  a  pofitive  electricity, 
none  at  all,  or  a  negative ;  according  as  the  quantity  4 
the  fluid  generated  is  fuperior,  equal,  or  inferior  to  tbtf 
which  the  formation  of  the  vapours  confumes.  When  no 
decompofition  accompanies  the  evaporation,  the  electricity 
ought  to  be  conflantly  negative,  becaufe  there  is  nothing 
to  replace  the  quantity  of  this  fluid,  which  is  employed  ja 
forming  the  vapour. 

If  in  the  foregoing  experiments,  thofe  fubftanccs  which 
were  fufceptible  of  calcination  had  conflantly  given  a  pot 
tive  eleftricity,  and  thofe  which  do  not  calcine  had  always 
given  the  negative ;  every  thing  would  have  been  explained 
by  thefe  principles,  and  they  would  thence  have  acquired 
a  greater  degree  of  probability.  But  the  phenomena  have 
not  always  followed  this  law.  Wc  have  feen  iron  and 
copper  fometimes  give  a  negative  electricity,  and  filver  the 
pofitive.  The  firft  cafe  is  not  difficult  to  account  for ;  it 
is  well  known  with  what  facility  iron  and  copper  calcine 
in  a  brifk  fire ;  they  become  covered  with  a  fcaly  cruft 
which  is  not  fufceptible  of  any  further  alteration  with  the 
fame  heat.  If  the  bottom  of  the  crucible  acquires  this 
crufly  coating,  the  drop  of  water  placed  thereon  will  be  no 
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longer  in  conta&  with  a  calcinable  fub (lance ;  there  will  be 
no  further  decompofiuon,  no  generation  of  the  elc&ric  fluvi; 
the  vapours,  however,  which  are  flill  formed,  will  abfbrb 
a  part  of  the  fluid  naturally  contained  in  the  apparatus,  and 
this  will  therefore  be  electrified  negatively.     If  fome  of  the 
fcales  (hould  be  fo  far  detached,  that  the  water  may  gain 
fome  points  of  contact,  the  quantity  thus  generated  may 
compensate  for  what  is  abforbed  by  the  vapours,  and  thus 
the  ele&ricity  will  be  null.    If  more  are  detached,  it  will 
fuper-abound  and  be  pofitive.    From  the  fame  rcafons,  a 
large  mafs  of  water,  by  attacking  the  iron  in  a  greater  num- 
ber of  points,  always  gives  pofitive  electricity ;  and  hence, 
alfo,  a  (bong  pofitive  ele&ricity  is  obtained,  by  throwing 
a  piece  of  red-hot  iron  into  a  mafs  of  water. 

It  is  not  fo  eafy  to  explain  why  filver  gives  fometimes  a 
pofitive  ele&ricity,  but  by  fuppofing  it  to  have  been  mixed 
with  fome  fubftanccs,  capable  of  calcination ;  and  this  the 
more,  as  the  white  porcelain  always  gave  negative  cle&ri*. 
city.  This  fuppofition  was  verified  by  fome  fubfequent 
experiments,  in  which  the  fame  filver,  when  purified, 
always  gave  a  negative  ele&ricity. 

Mr.  De  Sauflure  owns  himfelf  incapable  of  explaining 
why  heated  charcoal  always  gives  negative  ele&ricity ;  un« 
lefs  it  can  be  attributed  to  the  promptitude  with  which  b  ran} 
a  fubfUnce  lofes  it's  heat,  by  the  contact  of  water. 

One  fa&  aflonifhed  him,  namely,  that  by  combuftion 
properly  fo  called,  although  it  is  an  evaporation,  nay,  the* 
highefl  degree  of  evaporation,  he  never  obtained  any  figna 
of  ele&ricity  ;  though  he  tried  to  obtain  kin  a  variety  of 
ways.  Probably,  the  current  produced  by  the  flame,  dif- 
perfes  and  diflipates  the  eleftricity  as  foon  as  it  is  formedi 
The  cafe,  however,  muft  not  be  looked  upon  as  general,  bc- 
caufe  Mr.  Volta  obtained  figns  of  elcftricity  from  bodies  iff 
cembuftio%  by  means  of  his  condenfer. 

Anothe? 
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Another  lingular  fa&  was,  his  not  being  able  to  obtain* 
cfeEfcricity  without  ebullition,  though  he  endeavoured  to 
oompetifafe  by  die  quantity  of  furface  lor  the  quantity  of  va* 
pours  that  were  elevated  by  boiling  water ;  and  indeed,  the 
fame  quantity  of  water,  if  extended  over  too  large  a  furface, 
will  not  give  any  eleftricity. 

Notwithstanding  the  uncertainty  thefe  experiments  throw 
upon  the  fyftem,  it  does  not  at  prefent  feem  poflible  to  find 
another  reafon,  which  fo  fatisfa&orily  accounts  for  the  pofi- 
tive  eieftricity  which  reigns  in  the  air.  The  prodigious 
quantity  of  this  fluid,  which  continually  defcends  from  the 
upper  part  of  the  armofphere,  filtrating  through  die  air  to 
penetrate  the  interior  parts  of  the  earth,  muft  neceflarily  be 
brought  back  again  by  fome  means  ;  for  otherwife,  the  air 
would  be  exhaufted  of  it's  fluid,  or  the  earth  would  be  fatu- 
ftsted.  The  perpetual  circulation  of  this  fluid,  which  is 
carried  on  by  means  of  vapours,  is  a  ftriking  circum fiance  j 
k  rifes  invifible  andina&ive,  concealed  in  their  bofom,  but 
difplaying  afterwards  it's  energy.  When  the  vapours  have 
changed  their  form,  it  defcends  aftive,  animated  with  a 
penetrating  and  expanfive  force ;  the  tops  of  trees,  the 
points  of  leaves,  the  beards  of  different  grams,  attract  and 
fcfce  it  to  pais  through  the  vegetables,  of  which  it  becomes, 
{perhaps)  when  decomposed,  the  mod  aftive  and  favour/ 
part.  This  alfo  may  be  one  of  the  reafons,  why  exercifc 
in  the  opep  air  is  much  more  conducive  to  health  than  that 
Vhichir  taken  in  covered  or  clofe  places  ;  for  it  feems  evi- 
4ent|  that  the  foft  and  gentle  ele&rization,  which  every  one 
iMift  partake  of  in  the  open  air,  muft  have  an  influence 
t^pon  our  organs,  on  the  circulation  of  the  blood,  thefecre- 
fkm  of  the  humours,  and  infennble  tranfpiration* 

In  further  purfuing  this  fubjeft,  we  muft  confider,  that 
^apour  fometimes  a£b  as  the  producing  caufe  of  aerial 
ck&ricity ;  at  other  times,  asacondu&orof  this  fame  fluid ; 

and 
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*nd  fbmetimes,  both  together.    Toward*  the  end  of  the 
night,  the  electricity  of  the  air  is  very  weak,  either  becaufe 
there  is  no  evaporation,  or  becaufe  the  humidity  of  the  pre- 
ceding evening,  and  that  of  the  fore  part  of  the  night,  have 
trfcnfmitted  to  the  earth  ^he  ek&ricky  that  was  accumulated 
in  the  air  :  but  as  foon  as  the  fun  warms  the  earth,  and  in 
proportion  as  he  rifes  above  the  horizon,  the  aerial  electri- 
city augments ;  becaufe  the  vapours  which  then  rife,  cany 
this  fluid  into  the  air.     But  wheo  the  fun  has  attained  the 
meridian,  the  heat  increafes  in  a  greater  proportion  than  the 
evaporation,  the  air  becomes  dry,  and  hardly  tranfmits  the 
fluid  which  is  accumulated  in  the  upper  part  of  the  airao* 
fphere;  the  ele&rometer,  therefore,  exhibits  lefs  figns  of 
electricity,  though  it  is  dill  accumulating  in  the  upper  part 
of  the  atmofphere.     L*&ly,  when  the  fun  is  near  felting, 
the  air  grows  cool,  becomes  humid,    and  tranfmit$  more 
abundantly  to  the  earth  die  electric  fluid  that  was  accumu- 
lated in  the  higher  regions ;  the  electrometer*  therefore,  rifes 
again  with  the  dew,  till  two  or  three  hours  after  fun-fet* 
when  the  air  is  cxhaufted,  and  the  cle&richy  again  diminishes 
till  die  next  day. 

In  fummer,  the  ele&ricity  of  a  ferene  atmofphere  is  much 
weaker  than  in  winter,  and  that,  becaufe  the  air  is  then  warm 
and  dry,  to  a  greater  height,  and  therefore  refifts  more  pow- 
erfully the  traflfmiftion  of  this  fluid,  that  is  accumulated  in 
the  higher  regions  of  the  atmofphere.  This  uninterrupted 
accumulation  accounts  at  the  fame  time,  very  naturally,  for 
the  violence  and  frequency  of  liorms  at  this  feafon.  But  the 
increafe  of  electricity,  from  the  heat  of  the  fun,  in  the  dry 
and  hot  days  of  fummer,  from  it's  riling,  till  four  or  Hve  in 
the  afternoon,  is  not  fo  cafily  accounted  for.  It  is  not  im- 
probable, that  the  dry  exhalations  from  the  earth,  winch  are 
occauoned  by  the  heat,  may  produce  this  augmentation  of . 
electricity,  and  favour  the  defcent  thereof  from  the  upper 
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part  of  the  atmofphere.  It  appears,  however,  in  general, 
both  in  winter  and  dimmer,  that  when  the  air  is  perfeety 
tranfparent,  the  aerial  ele&ricity  always  diminishes  in  the 
hotted  part  of  the  day.  It  is  known,  that  the  air  is  gene- 
rally mod  tranfparent  and  difengaged  from  vapours,  in  At 
ferene  weather  that  follows  great  or  heavy  rains, — Mr,  Dt 
SaufTure  defires  that  this  fyflem  may  be  only  looked  upon  a 
fo  many  conjectures,  propoled  with  a  view  to  animate  other 
philosophers  td  the  obfervation  of  thefe  phacnomena,  and 
the  invcfligation  of  their  caufe. 

The  author  refers  alfo  to  his  "  Eflais  fur  V  Hygrometric" 
for  the  proofs,  That  trie  electric  fluid  is  only  neceflfary  to  foral 
or  fufpend  the  grofs  veficular  vapours.  Thofe  which  wc| 
diflblved,  or  are  elaflic,  fupport  themfelves  by  the  expanrm 
force,  which  they  acquire  from  the  element  of  fire  combined 
with  them,  without  the  a (Ti fiance  of  any  other  agent.  Ami 
thefe  grofs  vapours,  which  require  the  eleciric  fluid  for  their 
formation,  part  with  it,  if  they  are  refolved  into  water,  or 
into  an  elaflic  fluid.  Thus  the  grofs  vapours  that  are  fbna* 
ed  in  the  morning  of  a  fine  day,  and  which  diflurb  a  little 
the  tranfparency  of  the  inferior  flrata  of  air,  carry  this  fluid 
with  them,  but  part  with  it  when  they  come  into  a  more 
pure  and  dry  air,  where  they  are  diflblved,  taking  the  form 
of  an  elaflic  fluid. 

This  explains  the  diminution  of  the  aerial  electricity, 
when  clouds  are  forming  in  an  atmofphcrc  that  was  ferene; 
for  the  elc&ric  fluid,  which  was  diffeminated  in  the  air, 
combines  with  the  vapours  when  they  take  the  veficular 
form ;  the  flrata,  or  filiated  appearance  that  is  then  feen 
among  the  clouds,  which  is  one  of  the  mofl  fure  indica- 
tions of  rain,  feem  to  announce  the  prefencc  of  the  electric 
fluid,  endeavouring  to  re  (lore  an  equilibrium,  and  replace 
that  which  has  been  employed  in  the  formation  of  the  veficles, 
pf  which  the  clouds  confifL     Many  experiments  (hew,  that 
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Ais  fluid,  condenfed  by  art,  difpofes  in  parallel  and  conver- 
ging lines,  like  the  clouds,  thofe  particles  of  duft  through 
which  it  is  made  to  pafs ;  while  on  the  other  hand,  the  in- 
crease of  aerial  electricity,  which  is  obferved  when  the  air 
lis  getting  clear  and  ferene  after  rain,  arifes  from  this  fluid* 
which  the  veficular  vapours  part  with  when  diffolved  m 
air.  , 

Many  other  curious  obfervations  are  to  be  found  in  Mr* 
De  Sauflure's  work,  which  are  too  long  to  be  inferted  here* 
My  intention  is,  at  a  future  period,  to  give  a  fecond 
volume  of  Effays  on  Eleclricity ;  in  which  I  (hall  endeavour 
to  digefl  all  t,he  obfervations  -end  experiments  which  have 
been  made  fince  the  publication  of  the  firft  edition  of  this 
work. 


Fig.  3,  of  the  plate  at  the  end  of  this  Supplement,  reprev 
fents  an  improvement  of  the  atmofpherical  electrometer,  by 
Mr.  Abraham  Bennett,  of  Wirkfworth,  Derbyfhire ;  it  was' 
tranfinitted  to  me  by  a  Very  ingenious  friend.  The  principal 
advantage  of  this  little  inftrument,  is  the  delicacy  of  the 
materials  of  which  it  is  compofed. 

It  confifts  of  two  flips  of  leaf  gold,  which  are  patted  to  the 
fides  of  a  peg,  which  fits  into  a  (mall  tube,  in  the  under  fide 
of  the  cap.  The  cap,  or  cover,  is  flat*  in  order  that  plates, 
books,  or  other  articles,  on  which  experiments  are  to  be 
made,  may  be  placed  upon  it.  It  has  alfo  a  rim  to  keep  off 
the  rain,  and  maintain  the  in  filiation,  when  it  is  ufed  in 
the  open  air.  There  is  a  fmall  tube  on  one  fide  of  the  cap, 
to  fix  wire  or  any  other  occafional  fubflance  to ;  the  pieces 
of  leaf  gold  are  about  3  inches  long,  and  i-£th  of  an  inch 
broad.  The  cover  may  be  taken  off  at  pleafure,  to  repair 
any  accident  happening  to  the  leaf  gold.    The  glafc  pre* 
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vent*  the  leaf  gold  from  being  agitated  ;  two  pieces  of 
tm  foil  are  fattened  on  oppofite  fides  of  the  internal  furface 
of  the  glafs*  to  prevent  the  glafs  from  being  charged,  and 
thus  interfering  with  the  repulfion  of  the  electrometer j 
therefore  the  cover  fhould  be  (b  turned,  that  the  leaf 
fold  may  ftrike  again  ft  the  tin  foil. 

The  following  experiments  fliew  the  great  fcnubilityef 
this  little  inftrument. 

t.  Powdered  chalk  was  put  into  a  bellows,  and  blowi 
«pon  the  cap  *,  it  was  electrified  pofitiveiy  by  the  ftreamef 
chalk,  when  the.  nozzle  of  the  bellows  was  only  6  inch* 
•diftaot  from  the  cap;  but  the  fame  ftrearn  electrified t 
•cgatively  at  the  diftance  of  three  feet*  In  this  expov 
ment.  the  quality  of  the  eleelricity  is  changed  from  pofibft 
to  negative,  by  difperfing  or  widening  the  ftrcatn,  and 
making  it  pafs  through  a  longer  trad  of  air ;  it  is  life 
changed  by  palling  the  flrcam  through  a  bunch  of  ft>e 
wires,  filkt,  or  feathers  placed  upon  the  nozzle  of  the  bet* 
lows ;  it  is  negative  when  blown  from  a  pair  of  betiowi* 
tfee  iron  pipe  being  taken  off  to  enlarge  the  dream.  Thb 
bft  experiment  feems  to  anfwer  bed  in  damp  weather.  The 
pofitive  eleelricity  generally  remains,  but  in  the  negative 
the  leaf  gold  collapfes  as  foon  as  the  cloud  of  chalk  is 
palled. 

2.  A  piece  of  chalk  drawn  over  a  brufh,  or  powdered 
chalk  put  into  a  brufh  and  projected  on  the  cover,  electrified 
it  negatively.     The  electricity  was  not  permanent, 

3»  Powdered  chalk  blown  (with  the  mouth,  or  a>  pair  of 
bellows,)  from  a  plate  placed  upon  the  cover,  gave  a  penna- 
aent  pofitive  eleelricity.  If  a  brufh  is  placed  upon  the  co» 
ver,  and  a  piece  of  chalk  is  drawn  over  it,  when  the  hand 
i*  withdrawn,  the  leaf  gold  gradually  expands  with  pofitiv* 
ekftricity,  as  the  cloud  of  chalk  difperfes. 
*  4.  Pow- 
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4.  Powdered  chalk  falling  from  one  plate  to  another, 
placed  on  the  inftrument,  electrified  it  negatively.  Many 
other  experiments  have  been  tried,  as  projecting  it  from  a 
goofe  wing,  chalking  the  edges  of  a  book,  &c.  The  '  in- 
ftrument being  placed  in  a  dufty  road,  the  dull  ftruck  up 
with  a  flick  near  it,  clecirificd  it  pofitively ;  wheat  flour 
and  red  lead  gave  a  ftrong  negative  cle&ricity,  in  all  cafes 
where  the  chalk  gave  pofitive. 

5.  Place  a  metal  cup  upon  the  cap  with  a  red  hot  coal 
in  it,  a  fpoonful  of  water  thrown  upon  the  coal  elc&rilics 
the  cup  negatively.  If  a  bent  wire  be  placed  upon  the 
cover,  with  a  piece  of  paper  fattened  to  it,  to  increafe  it's 
furface,  it  will  exhibit  the  pofitive  electricity  of  the  amend- 
ing vapour,  when  introduced  into  it.  The  cle&ricity  of 
rain  may  prebahly  be  illuftrated  by  pouring  water  on  hot 
coals. placed  in  an  infulated  cullender;  the  afcending  vapour 
is  pofitive,  the  defcending  drops  are  negative, 

6.  The  fenfibility  of  this  inftrument  may  be  incrcafed, 
by  placing  a  candle  upon  the  cap ;  by  this  means  a  cloud  of 
Chalk,  which  would  but  juft  open  the  leaf  gold  before, 
will  caufe  them  to  ftrike  the  fides  for  a  long  time  together, 
and  the  electricity  is  now  communicated  fo  ftrong,  that  the 
leaves  will  be  repelled  by  a  ftick  of  excited  wax  at  20  or 
1 2  inches  di fiance.  A  cloud  of  chalk  made  in  one  room  will 
eie&rify  this  inftrument,  brought  from  another  room,  and 
at  a  considerable  di  fiance. 

A  thunder  cloud  pafling  over  the  inftrument,  caufed  the 
leaf  gold  to  ftrike  the  fides  at  every  flafh  of  lightning. 
No  fcnGble  electricity  has  been  difcovercd  by  it  on  the  ex- 
platan  of  gun-powder,  or  the  proje&ion  of  (moke,  or 
flame  over  it. 

Excited  fealing-wax  will  often  make  the  leaf  gold  ftrike 
the  fides  of  the  glafs  xnoie  than  \2  times ;  when  the  fealing- 
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wax  recedes,  it  will  flrike  it  again,  nearly  the  fame  mm* 
ber  of  times ;  but  if  the  approach  is  quicker  than  the  at* 
ceffion,  the  number  of  times  will  fomctimes  be  great& 
The  quantity  of  electricity  neceffary  to  caufe  a.  repuluonof 
the  leaf  gold  is  fo  fmall,  that  the  (harpelfc  points  or  edge) 
do  not  draw  it  off,  unlets  they  are  brought  in  contoA 
with  it  :  hence  it  is  unneceflary  to  avoid  points,  or  edgp 
in  the  conilruclion  of  this  inflrument. 

This  electrometer  may  alio  be  conveniently  united  wki 
Mr.  Vblta's  condenfer,  by  making  the  cap  ferve  as  the  upper 
plate  of  the  condenfer,  and  by  applying  a  marble  or  v» 
nifiied  wooden  plate  upon  it,  with  a  metallic  handle  for  tk 
lower  plate.  In  fome  experiments,  a  candle  may  be  cos? 
ne&cdat  the  fame  time  by  a  wire  with  the  upper  part  of 
the  electrometer ;  and  thus  increafe  the  advantages  to  kt 
obtained  from  it.  When  this  apparatus  is  ufed,  the  open* 
tor  mud  touch  the  metallic  handle,  and  the  electricity  w9 
enter  by  the  candle,  between  the  cap  and  upper  plate ;  thk 
being  lifted  up,  the  inflrument  will  exhibit  the  electricity. 

N.  B.  This  is  an  inverted  condenfer,  the  under  plait 
being  infulated  inflead  of  the  upper  one. 


A  Description  of  a  very  large  Eledtrical  M*> 
chine  placed  in  Teyler's  Mufeum,  in  Haarlem 

This  machine  was  conftru&ed  by  Mr.  Jolm  Cuthbcrtfon, 
an  Englifh  mathematical  inflrument  maker,  in  Amilerdamj 
it  confifts  of  two  circular  plates  of  glafs,  each  of  65  incheJ 
diameter,  which  axe  made  to  turn  upon  the  fame  horizontal 
axis,  at  the  di  dance  of  7  \  inches  from  each  other.     Thcfe 

plates 
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plates  are  excited  by  eight  rubbers,  each  15  £  inches  in 
length  ;  and  to  the  diftance  of  1 6  £  inches  from  the  center, 
they  are  covered  on  both  fides  with  a  refinous  compofition, 
which  is  defigned  to  prevent  their  breaking,  and  to  hinder  the 
excited  electricity  from  being  carried  off  by  the  axis.  The 
prime  conductor,  which  confifts  of  fcvcral  pieces,  is  very 
large,  and  is  fupported  by  three  glafs  pillars,  each  57  inches 
high.  The  plates  are  made  of  French  glafs ;  as  this  is  found 
to  fuccecd  better  than  any  other  kind,  except  the  Englifh 
flint,  which  could  not  be  procured  of  fo  large  a  fize.  This 
machine  is  furnifhed  with  nine  electrical  batteries,  each  con- 
taining fifteen  jars,  and  each  jar  having  about  a  fquare  foot 
of  coated  glafs-,  fo  that  the  grand  battery,  in  which  all  thefe 
are  combined,  confifts  of  above  130  fquarc  feet  of  coated 
glafs. 

This  machine,  when  thus  completed,  was  aflonifhingly 
powerful.  From  the  prime  conductor,  fparks  have  been 
taken  24  inches  long  ;  thefe,  when  feen  in  the  dark,  ap- 
peared of  the  fizc  of  a  common  goofe-quill,  feemed  to  dart 
in  ferpentine  lines,  and  emitted  many  collateral  rays,  foxne 
of  which  were  fix,  feven,  and  even  eight  inches  in  length. 
Even  upon  the  (harped  fleel  points  that  could  be  made,  fparks 
of  half  an  inch  have  been  received  from  the  conductor. 

Another  proof  of  the  extraordinary  power  of  this  ma- 
chine is,  that  from  a  brafs  ball,  4 1  inches  in  diameter,  and 
projecting  5  inches  from  the  end  of  the  condu&or,  a  pencil 
or  plume  of  electrical  fire  was  emitted,  which  extended  16 
inches  in  length  and  breadth. 

By  the  fpark  from  the  prime  conductor  alone,  without 
ufing  any  coated  glafs,  gunpowder  has  been  fired,  and  tin* 
der,  rofin,  and  match  been  lighted;  being  at  different  times 
made  to  pais  through  oil  of  turpentine,  and  oil  of  olives, 
they  caught  fire  from  it ;  and  it  entirely  melted  a  piece  of 
|oU  leaf,  20  inches  long,  and  half  a  line  in  breadth. 

When 
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When  this  machine  was  flrongly  excited,  fpeclators  have 
been  affected,  at  the  diftance  of  five,  fix,  and  fomctixnes  of 
eight  feet  from  the  prime  conductor,  with  that  fenfation 
which  is  ufually  compared  to  a  cobweb  playing  on  the  face 
and  hands  ;  and  the  air  in  the  mufeum  was  fo  powerfully 
electrified,  that  at  the  further  extremity  of  the  apartment, 
which  is  40  feet  from  the  conductor,  the  balls  of  Mr.  Ca- 
vallo's  electrometer  diverged  half  an  inch. 


Experiments    on    Eledtric    Light,     by    Mr. 

William     Morgan. 

t.  There  is  no  fluid  or  fotid  body,  in  it's  pafTage  through 
which  the  electric  fluid  may  not  be  made  luminous ;  in  wa- 
ter, fpirits,  oil,  animal  fluids  of  all  kir.ds,  the  difcharge  of 
a  Lcyden  phial,  of  almofl  any  fizc,  will  appear  very  fplen- 
did,   provided  we  take  care  to  place  them  in  the  circuit,  fb 
that  the  fluid  may  not  pafs  through  too  great  a  quantity  of 
them.     The  general  method  is,  to  place  the  fluid,  on  which 
the  experiment  is  to  be  made,  in  a  tube  three  quarters  of  an 
•inch  in  diameter,  and  four  inches  long ;   flop  up  the  orifices 
of  the  tube  with  two  corks,  through  which  pufh  two  point- 
ed wires,  fo  that  the  points  may  approach  within  one-eighth 
of  an  inch  to  each  other ;  the  fluid,  in  pafling  through  the 
interval  which  fcparates  the  wires,  is  always  luminous,  if 
a  force  be  ufed  fufficiently  flrong ;  the  glafs  tube,  if  not 
very  thick,  always  breaks  when  this  experiment  fucceeds. 
To  make  the  pafTage  of  the  fluid  luminous  in  the  acids,  they 
muft  be  placed  in  capillary  tubes,  and  two  wires  introduced, 
*s  in  the  preceding  experiment,  whofe  points  fhall  be  very 
near  each  other.     It  is  a  well-known  fact,  that  the  difcharge 
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of  a  fmall  Leyden  phial,  in  parting  over  a  drip  of  gold,  filver, 
to  Dutch  metal  leaf,  will  appear  very  luminous.  By  con- 
greying  the  contents  of  a  jar,  meafuring  two  gallons,  over  a 
ftrip  of  gold  leaf,  one-eighth  of  an  inch  in  diameter,  and  a 
yard  long,  it  will  frequently  give  the  whole  a  dazzling 
brightncfs.  We  may  give  this  experiment  a  curious  diver- 
Gty,  by  laying  the  gold  or  filver  leaf  on  a  piece  of  glafs,  and 
then  placing  the  glafs  in  water ;  for  the  whole  gold  leaf  will 
ftppear  mod  brilliantly  luminous  in  the  water,  by  expoiing 
it,  thus  circumftanced,   to  the  explofion  of  a  battery. 

II.  The  difficulty  of  making  any  quantity  of  the  electrical 
fluid  luminous  in  any  body,  increafos  as  the  conducting 
power  of  that  body  increaies. 

Ex  p e  r  im b nt  i . — In  order  to  make  the  contents  of  a  jar 
luminous  in  boiling  water,  a  much  higher  charge  is  necef- 
Eary,  than  would  be  fufficient  to  make  it  luminous  in  cold 
water,  which  is  univerfally  allowed  to  be  the  word  con- 
ductor. 

Expesjimext  xi. — There  are  various  reafons  for  believ- 
ing the  acids  to  be  very  good  conductors;  if,  therefore, 
into  a  tube  filled  with  water,  and  circumftanced  as  has  been 
already  defcribed,  a  few  drops  of  either  of  the  mineral  acids 
arc  poured,  it  will  be  almod  impoflible  to  make  the  fluid , 
luminous  in  it's  paflage  through  the  tube. 

ExpiaiMENT  in. — If  a  ft  ring,  whole  diameter  is  one: 
eighth  of  an  inch,  and  whofe  length  is  fix  or  eight  inchesy  is 
naoiftened  with  water,  the  contents  of  ajar  will  pais  through 
it  luminoufly ;  but  no  fuch  appearance  can  be  produced  by 
any  charge  of  the  fame  jar,  provided  the  fame  firing  be 
ttoiftcneri  with  one  of  the  mineral  acids.    To  the  preceding 

i  inftancc 


Ixviu        SUPPLEMENT. 

inftance  we  may  add  the  various  inftance*  of  metals  whkk 
will  conduft  the  ele&ricai  fluid,  without  any  appearance  af 
light,  in  circumftances  the  fame  with  thofe  in  whkh  tte 
fame  force  would  have  appeared  luminous  in  paflxng  through 
other  bodies,  whofe  conducting  power  is  left. 


III.  That  the  cafe  with  which  the  elc&rical  fluid  is 
dered  luminous  in  any  particular  body,  is  increafed  by  ir 
creating  the  rarity  of  the  body.  The  appearance  of  a  fpaik, 
or  of  thedifcharge  of  a  Leyden  phial,  in  rarefied  air,  * 
well  known.  But  we  need  not  reft  the  truth  of  the  preceding 
obfervation  on  the  feveral  varieties  of  this  fatt ;  flank 
phenomena  attend  the  rarefaction  of  ether,  of  fpiritt  ef 
wine,  and  of  water. 

'  Experiment  iv. — Into  the  orifice  of  a  tube,  48  mete 
long,  and  two- thirds  of  an  inch  in  diameter,  cement  an  in* 
ball,  fo  as  to  bear  the  weight  which  prefles  upon  itwJka 
the  tube  is  filled  with  quickfilver,  leaving  ordy  an  intern! 
at  the  open  end,  which  contained  a  few  drops  of  water. 
Having  inverted  the  tube,  and  plunged  the  open  end  of  it 
into  a  bafon  of  mercury,  the  mercury  in  the  t4k  flood 
nearly  half  an  inch  lower  than  it  did  in  a  barometer  at  tie 
fame  inftant,  owing  to  the  vapour  which  was  formed  by  At 
water.  But  through  this  rarefied  water,  the  ele&rica!  fjmk 
patted  as  luminoufly  as  it  does  through  air  equally  rarefied. 

Experiment  v. — If.  inftead  cf  water,  a  few  drops  of  fpi- 
ritsof  wine  are  placed  on  the  furface  of  the  mercury,  pheno- 
mena, fimilar  to  thofe  of  the  preceding  experiment,  will  be 
difcovered,  with  this  difference  on!v,  that  as  the  vapour  in 
this  cafe  is  more  denfe,  the  eleftrical  fpark,  in  it's  patiago 
through  it,  is  not  quite  fo  luminous  as  it  is  in  the  vapour  of 
water. 

6  *  Exriu- 
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Exp e*im« nt  vi.— Good  ether,  fubftituted  in  the  room 
of  the  fpirits  of  wine,  will  prefs  the  mercury  down  fo  low 
as  the  height  of  16  or  17  inches.  The  ele&rical  fluid,  in 
patting  through  this  vapour,  (unlefs  the  force  be  very  great 
indeed,)  is  fcarcely  luminous ;  but  if  the  prefture  on  the 
furface  of  the  mercury  in  the  bafon,  be  gradually  leflened 
by  the  aid  of  an  air-pump,  the  vapour  will  become  more 
and  more  rare,  and  the  ele&ric  fpark,  in  pafling  through  it, 
more  and  more  luminous. 

Experiment  vii .-—It  has  not  been  difcovered,  that  any 
vapour  does  efcape  from  the  mineral  acids  when  expofed  in 
vacuo.  To  give  them,  therefore,  greater  rarity  or  tenuity, 
different  methods  are  found  neceflary.  With  a  fine  camel- 
hair  pencil,  dipped  in  the  vitriolic,  the  nitrous,  or  the 
marine  acid,  draw  upon  apiece  of  glaf6  a  line,  about  one- 
eighth  of  an  inch  broad.  In  Tome  inftances,  you  muft  ex* 
tend  this  line  to  the  length  of  27  inches,  and  you  will  find 
that  the  contents  of  an  electric  battery,  confiding  of  ten 
pint  phials  coated,  will  pafs  over  the  whole  length  of  this 
line  with  the  greateft  brilliancy.  If,  by  widening  the  line, 
or  by  laying  on  a  drop  of  the  acid,  it's  quantity  be  increafed 
in  any  particular  part,  the  charge,  in  palling  through  that 
part,  will  not  appear  luminous.  Water,  fpirits  of  wine, 
curcumftanccd  fimilarly  to  the  acids  in  the  preceding  expe- 
-liments,  will  be  attended  with  fimilar,  but  not  equal  effect*; 
becaufe,  in  confequence  of  the  inferiority  of  their  conducV 
ang  power,  it  will  be  neceflary  to  make  the  line,  through 
which  the  charge  pallet,  confiderably  fhorter. 

IV,  The  brilliancy  or  fplendor  of  the  ele&ric  fluid,  in 
it's  paflage  through  any  body,  is  always  increafed  by  leflen- 
ing  the  dimenfions  of  that  body;  that  is,  a  fpark,  or  the 
difcharge  of  a  battery,  which  we  might  fuppofe  equal  to  a 
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fphcrc  one  quarter  of  an  inch  in  diameter,  will  appear  muck 
more  brilliant,  if  the  fame  quantity  of  fluid  is  compreffed  in* 
to  a  fphere  one-eighth  of  an  inch  in  diameter.  This  cbfcr- 
vation  is  the  obvious  confequence  of  many  known  fads ;  if 
the  machine  be  large  enough  to  afford  a  fpark,  whofelenffc 
is  nine  or  ten  inches,  this  fpark  may  be  feen  fomeum 
forming  itfclf  into  a  brufh,  in  which  (late  it  occupies  mow 
room,  but  appears  very  faintly  luminous ;  at  other  timet 
the  fame  fpark  may  be  feen  dividing  itfclf  into  a  variety  of 
ramifications,  which  (hoot  into  the  furrounding  air.  la 
this  cafe,  like  wife,  the  fluid  is  diffufed  over  a  large  furfacc, 
and  in  proportion  to  the  extent  of  that  furface,  fo  is  tk 
f aintnefs  of  the  appearance.  A  fpark,  which  in  the  opei 
air  cannot  exceed  one  quarter  of  an  inch  in  diameter,  wJ 
appear  to  fill  the- whole  of  an  exhaufled  receiver,  faff 
inches  wide  and  eight  inches  long  :  but  in  the  former  cafe 
it  is  brilliant,  and  in  the  latter  it  grows  fainter  and  fainfe* 
as  the  fize  of  the  receiver  increafes.  This  obfervatioo  ii 
further  proved  by  the  following  experiments. 

Experiment  viii.— -To  an  infulated  ball,  four  inches  ii 
diameter,  fix  a  filver  thread,  about  four  yards  long.  Tktf 
thread,  at  the  end  which  is  remotefl  from  the  ball,  muftbe 
fixed  to  another  infulatcd  fub fiance.  Bring  the  ball  withtt 
the  Rriking  di fiance  of  a  conductor,  and  the  fpark,  in  paffinj 
from  the  conductor  to  the  ball,  will  appear  very  brilliant; 
the  whole  length  of  the  filver  thread  will  appear  faintly 
luminous  at  the  fame  in  Rant.  When  the  fpark  is  confines' 
within  the  dimenfions  of  a  fphere,  one-eighth  of  an  inch  it 
diameter,  it  will  be  bright ;  but  when  diffufed  over  the  fur- 
face  of  air  which  received  it  from  the  thread,  it's  light  will 
be  fo  faint  as  to  be  feen  only  in  a  dark  room.  If  you  leflen 
the  furface  of  air  which  receives  the  fpark,  by  (hortening 
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the  thread,  it  will  not  fail  to  increafe  the  brightnefs  of  the 
appearance. 

>c  Experiment  ix. — To  prove  that  the  faintnefs  of  the 
tle&ric  light  in  vacuo,  depends  on  the  enlarged  dimen- 
fions  of  the  fpace  through  which  it  isdiffufed ;  we  have  no- 
thing more  to  do  than  to  introduce  two  pointed  wires  into 
the  vacuum,- fo  that  the  fluid  may  pais  from  the  point  of  the 
one,  to  the  point  of  the  other ;  when  the  diftance  between 
them  is  not  more  than  the  one  tenth  of  an  inch,  in  this 
cafe  we  (hall  find  a  brilliancy  as  great  as  in  the  open  air. 

.  Experiment  x  .—Into  a  Torricellian  vacuum,  36  inches 
long,  convey  as  much  air  as  will  fill  two  inches  only  of  the 
exhaufted  tube  if  it  were  inverted  in  water;  this  quantity 
of  air  will  afford  refinance  enough  to  condenfe  the  fluid  as 
itpafies  through  the  tube  into  a  (park,  38  inches  in  length* 
The  brilliancy  of  the  fpark  in  condenfed  air,  in  water,  and 
in  all  fubflanccs  through  which  it  pades  with  difficulty, 
depends  on  principles  fimilar  to  thofe  which  account  for 
the  preceding  fa&s. 

V.  That  in  the* appearances  of  electricity,  as  well  asm 
thofe  of  burning  bodies,  there  are  cafes  in  which  all  the  rays 
of  light  do  not  efcape ;  and  that  the  mod  refrangible  rays  are 
thofe  which  efcape  fir  ft  or  moft  eafily.  The  electrical 
brufti  is  always  of  a  purple  or  bluifh  hue.  If  you  convey  a 
fpark  through  a  Torricellian  vacuum,  made  without  boiling 
the  mercury  in  the  tube,  the  brum  will  difplay  the  indigo 
rays.  The  (park,  however,  may  be  divided  and  weakened, 
eyen  in  the  open  air,  fo  as  to  yield  the  moft  refrangible 
lays  only. 

Ex  pee  1MB  nt  xi.— To  an  infulated  metallic  ball,  four 
inches  in  diameter,  fix  a  wire  a  foot  and  a  half  long ;  this 

wire 
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wire  fhould  terminate  in  four  ramifications,  each  of  whisk 
mud  be  fixed  to  a  metallic  ball  half  an  inch  in  ^«^wttr^ 
and  placed  at  an  equal  di fiance  from  a  metallic  plate,  whkk 
mud  be  communicated  by  metallic  conductors  with  the 
ground.  A  powerful  fpark,  after  falling  on  the  latgatnl 
at  one  extremity  of  the  wire,  will  be  divided  in  it's  paatge 
from  the  Jour  fmall  balls  to  the  metallic  plate.  When  jti 
examine  the  divifion  of  the  fluid  in  a  dark  room,  you  ml 
difcover  fame  little  ramifications,  which  will  yield  the  a> 
digo  rays  only :  indeed  at  the  edges  of  all  weak  fpati^ 
the  iame  purple  appearance  may  be  discovered.  You  tmtf 
likewife  obferve,  that  the  nearer  you  approach  the  cents 
of  the  fpark,  the  greater  is  the  brilliancy  of  it's  colour. 

VI.  That  the  influence  of  different  media  on  elefiriod 
light,  is  analogous  to  their  influence  on  folar  light,  and 
will  help  us  to  account  for  fome  very  Angular  appearanom 

Experiment  xii.<— Let  a  pointed  wire,  having  a  me- 
tallic ball  fixed  to  one  of  it's  extremities,  be  forced  ob- 
liquely into  a  piece  of  wood,  fo  as  to  make  a  fmall  angle 
with  the  furface  of  the  wood,  and  to  make  the  point  lie 
about  one  eighth  of  an  inch  below  the  furface.  JLet  an- 
other pointed  wire,  which  communicates  with  the  ground, 
be  forced  in  the  fame  manner  into  the  fame  wood,  (•  that 
it's  point  likewife  may  lie  about  one  eighth  of  an  inch  to- 
low  the  furface,  and  about  two  inches  diftant  from  the 
point  of  the  firft  wire.  Let  the  wood  be  infuiated,  and  a 
ftrong  fpark,  which  (Irikes  on  the  metallic  ball,  will  foice 
it's  paflage  through  the  interval  of  wood  which  lies  be- 
tween the  points,  and  appear  as  red  as  blood.  To  prove 
that  this  appearance  depends  on  the  wood's  abforption  of 
all  the  rays  but  the  red  ;  when  thefc  points  were  deeped 
below  the  furface,  the  red  only  came  to  the  eye  through  a 
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priftn;  when  they  were  mfaft  a  Ktde  nearer  the  furfacet 
theved  and  orange  appeared;  when  nearer  fciU,  the  yel- 
low; and  fb  c*j  till,  by  making  the  fpark  pafs  through 
tile  wood  very  near  ifs  futface,  all  the  rays  were  at  length 
able  to  reach  die  eye.  If  the  points  be  only  one  eighth  of 
am  inch  below  thefurface  of  fbft  deal  wood,  the  red,  the 
orange*  and  die  yellow  rays  will  appear  as  the  fpark  paflfea 
through  it;  hut  when  the  points  are  at  an  equal  depth  in  a 
harder  piece  of  wood,  (fuch  as  box)  the  yellow,  and  per- 
haps the- orange,  will  difappean  As  a  farther  proof  that  the 
phasnomenaj  thus  defcribed,  are  owing  to  the  interpofition 
of  the  wood,  as  a  medium  which  abfoxbs  fame  of  the  rays, 
and    fuffers  others  to  efcape;  it  may  be  obferved,  that 
when  the  fpark  ftrikes  very  brilliantly  on  one  fide  of  die 
piece  of  deal,  on  the  other  fide  it  will  appear  very  red.  In 
like  manner,  a  red  appearance  may  be  given  to  a  fpark 
which  ftrikes  brilliantly  over  the  infideof  a  tube,  merely 
by  fpreading  fome  pitch  very  thinly  over  the  outfide  of  the 
lame  tube* 

ExFtantror  xtii.-~If  into  a  Torricellian  vacuum,  of 
any  length,  a  few  drops  of  ether  are  conveyed,  and  both 
mA%  of  the  vacuum  are  flopped  up  with  metallic  conduc- 
tors, fb  that  a  fpark  may  pefi  through  it ;  the  fpark  fn  itV 
pefiagt  will  affume  thcfoilowing  appearances.  When  the 
eye  is  pieced  clofc  to  die  tube,  the  fpark  will  appear  pen* 
fieftly  white;  if  the  eye  is  removed  to  the  diftance  of  fix 
or  feven  yard^  the  colour  of  the  fpark  will  be  reddHfc, 
?%efe  changes' evidently  depend  on  the  quantity  of  medium 
through  which  the  light  paries,  abd  the  red  light  of  a  diftant' 
e*ndto,  ev  »  beclouded  fun* 

Experiment  xiv. — Dr.  Prieftley  long  ago  obferved 
the  ved  appearance  of  the  fpark  when  paffing  through  in- 
flammable 
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flammable  air;  but  this  appearance  is  very  much  divert 
fied  by  the  quantity  of  medium,  through  which  you  look  * 
the  fpark.  When  at  a  very  confidcrablc  diftance,  the  red 
comes  to  the  eye  unmixed ;  but  if  the  eye  is  placed  clofeto 
the  tube,  the  fpark  appears  white  and  brilliant.  In  con- 
firmation, however,  of  fome  of  thefe  con clu (ions,  you  mak 
obferve,  that  by  increafmg  the  quantity  of  fluid  which  i 
conveyed  through  any  portion  of  inflammable  air,  or  If 
condenfing  that  air,  the  fpark  may  be  entirely  deprived  of 
it's  red  appearance,  and  made  perfectly  brilliant.  All  weak 
explofions  and  fparks,  when  viewed  at  a  diftance,  beari 
reddiflihue*  Such  are  the  explofions  which  have  patt 
through  water,  fpirits  of  wine,  or  any  bad  conductor,  whet 
confined  in  a  tube  whofe  diameter  is  not  more  than  an  mck 
The  reafon  of  thefe  appearances  feems  to  be,  that  the  weaker 
the  fpark  or  explofion  is,  the  lefs  is  the  light  which  efcaper, 
and  the  more  vifible  the  effeft  of  any  medium,  which  has  a 
power  to  abforb  fome  of  that  light* 

Chalk,  oyfter-fhells,  together  with  thofe  phofphoric 
bodies,  whofe  goodnefs  has  been  very  much  impaired  bj 
long  keeping,  when  finely  powdered,  and  placed  within 
the  circuit  of  an  electrical  battery,  will  exhibit,  by  their  (ot- 
tered particles,  a  fhower  of  light ;  but  thefe  particles  wfl 
appear  reddifli,  or  their  phofphoric  power  will  be  fufEcient 
only  to  detain  the  yellow,  orange,  and  red  rays.  When 
fpirits  of  wine  are  in  a  fimilar  manner  brought  within  the 
circuit  of  a  battery,  a  fimilar  effect  may  be  difcovered  ;  ifl 
particles  diverge  in  feveral  directions,  displaying  a  moft 
beautiful  golden  appearance.  The  metallic  calces  are,  of 
all  bodies,  thofe  which  are  rendered  phofphoric  with  the 
greateft  difficulty ;  but  even  thefe  may  be  fcattered  into  ft 
ihower  of  red  luminous  particles  by  the  ele&ric  (broke. 

Elecftrical 
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EleQrical  experiments  made  in  order  to  after- 
lain  the  non-conduding  power  of  a  perfedfc 
vacuum,  &c.  by  Mr.  William  Morgan. 

vThe  non-condu&ing  power  of  a  perfect  Vacuum,  is  a  fa& 
in  ele&rieity  which  has  been  much  controverted  among 
philofophers.  The  experiments  made  by  Mr.  Walfh, 
F.  R.  S.  in  the  double  barometer  tube,  clearly  demonftrated 
the  impermeability  of  the  eleclric  light  through  a  vacuum ) 
nor  was  it,  I  think,  precipitate  to  conclude  from  them  the 
impermeability  of  the  ele&ric  fluid  itfelf.  But  this  conclu- 
fion  has  not  been  univcrfally  admitted,  and  the  following 
experiments  were  made  with  the  view  of  determining  it's 
truth  or  fallacy. 

A  mercurial  gage  B,  fig.  i,  about  15  inches  long,  care- 
fully and  accurately  boiled,  till  every  particle  of  air  was 
expelled  from  the  in  fide,  was  coated  with  tin- foil,  5  inches 
down  from  it's  fealed  end  (A),  and  being  inverted  into  mer- 
cury through  a  perforation  D,  in  the  brafs  cap  £,  which 
covered  the  mouth  of  the  ciftern  H ;  the  whole  was  cement- 
ed together,  and  the  air  was  exhaufted  from  the  infide  of 
the  ciflern  through  a  valve  C,  in  the  brafs  cap  £  juft  men- 
tioned; which  producing  a  perfect  vacuum  in  the  gage  B, 
afforded  an  inftrument  peculiarly  well  adapted  for  experi- 
ments Of  this  kind.  Things  being  thus  adjufted,  a  fmali 
wire,  F,  having  been  previoufly  fixed  on  the  infide  of  the 
ciflern,  to  form  a  communication  between  the  brafs  cap  E, 
and  the  mercury  G,  into  which  the  gage  was  inverted ; 
the  coated  end  A  was  appjied  to  the  conductor  of  an  eleftri- 
xal  machine ;  and,  notwithstanding  every  effort,  neither  the 
fmallcft  ray  of  light,  nor  the  flighted  charge,  could  ever  be 
procured  in  this  exhaufted  gage.  It  is  well  known,  that  if 
a  glafs  rube  be  exhaufted  Vy  an  air-pump,  and  coated  on  the 
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outfide,  both  light  and  a  charge  may  very  readily  be  pro- 
cured. If  the  mercury  in  the  gage  be  imperfectly  boiled, 
'the  experiment  will  not  fuccced ;  but  the  colour  of  the 
eleclric  light,  which,  in  air  rarefied  by  an  exhaufler,  is 
always  violet  or  purple,  appears  in  this  cafe  of  a  beautiful 
green;  and  what  is  very  curious,  the  degree  of  the  air's 
rarefaction  may  be  nearly  determined  by  this  means.  There 
have  been  in  (lances  known,  in  a  courfe  of  experiments, 
where  a  fmall  particle  of  air  having  found  it's  way  into  the 
'tube  B,  the  elc&ric  light  became  vifiblc,  and  as  ufual  of  a 
*  green  colour ;  but  the  charge  being  often  repeated,  the  gage 
has  at  length  cracked  at  it's  fcalcd  end,  and  in  confequenee 
the  external  air,  by  being  admitted  into  the  inftde,  has  gra- 
dually produced  a  change  in  the  electric  light,  from  green  to 
blue,  from  blue  to  indigo,  and  fo  on  to  violet  and  purple, 
till  the  medium  has  at  lafl  become  fo  denfe,  as  no  longer  to 
be  a  conductor  of  electricity.  There  can  be  little  doubt, 
from  the  above  experiments,  of  the  non-conducting  power 
of  a  perfect  vacuum ;  and  this  fa£t  is  dill  more  flrongly  con* 
firmed  by  the  phaenomena  which  appear  upon  the  admiflion 
of  a  very  minute  particle  of  air  into  the  infide  of  the  gage. 
In  this  cafe,  the  whole  becomes  immediately  luminous,  up- 
qn  the  flight  eft  application  of  electricity,  and  a  charge  takes 
place,  which  continues  to  grow  more  and  more  powerful, 
in  proportion  as  frefh  air  is  admitted,  till  the  denfity  of  the 
conducting  medium  arrives  at  it's  maximum,  which  it 
always  does  when  the  colour  of  the  electric  light  is  indigo  or 
violet.  Under  thefe  circum fiances,  the  charge  may  be  fo 
far  increafed,  as  frequently  to  break  the  glafs.  In  fome 
tubes,  which  have  not  been  completely  boiled,  they  will 
not  conduft  the  cle£lric  fluid,  when  the  mercury  it  fallQa 
"  Very  low  in  them  ;  yet  upon  letting  in  air  into  the  ciftern 
H,  fo  that  the  mercury  fhall  rife  in  the  gage  B,  the  ele&ric 
fluid,  which  was  before  latent  in  the  infide,  fhall  now  be- 

come 
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• 

come  viGble,  and  as  the  mercury  continues  to  rife,  and  of 
confequence  the  medium  is  rendered  lefs  rare,  the  light  fhall 
flow  more  and  more  vifible,  and  the  gage  (hall  at  laft  be 
charged,  notwithflanding  it  has  not  been  near  an  electrical 
machine  for  two  or  three  days.  .  This  fcems  to  prove,  that 
there  is  a  limit  even  in  the  rarefaction  of  air,  which  fets 

* 

bounds  to  it's  conducting  power  ;  or,  in  other  words,  that 
the  particles  of  air  may  be  fo  far  feparated  from  each  other, 
as  no  longer  to  be  able  to  tranfmit  the  electric  fluid  ;  that 
if  they  are  brought  within  a  certain  di fiance  of  each  other, 
their  conducting  power  begins,  and  continually  incrcafes, 
till  their  approach  alfo  arrives  at  it's  limit,  when  the  parti- 
cles again  become  fo  near,  as  to  refift  the  paflage  of  the 
fluid  entirely,  without  employing  violence,  which  is  the 
cafe  in  common  and  condenfed  air,  but  more  particularly  in* 
the  latter. 

It  is  furprifing  to  obferve,  how  readily  an  exhauflcd  tube 
is  charged  with  electricity.  By  placing  it  at  ten  or  twelve 
inches  from  the  conductor,  the  light  may  be  fcen  pervading 
it's  infide,  and  as  flrong  a  charge  may  fometimes  be  procu- 
red, as  if  it  were  in  contact  with  the  conductor.  Nor  does  it 
fignify  how  narrow  the  bore  of  the  glafs  may  be  ;  for  even 
a  thermometer  tube,  having  the  minuted  perforation  poffi- 
ble,  will  charge  with  the  ufmoit  facility ;  and  in  this  expe- 
riment, the  phenomena  are  peculiarly  beautiful. 

Let  one  end  of  a  thermometer  tube  be  fcalcd  hermetical- 
ly ;  let  the  other  end  be  cemented  into  a  brafs  cap  with  a 
valve,  or  into  a  brafs  cock,  fo  that  it  may  be  fitted  to  the 
plate  of  an  air-pump.  When  it  is  exhaufted,  let  the  fealed 
end  be  applied  to  the  conductor  of  an  electrical  machine, 
while  the  other  end  is  either  held  in  the  hand,  or  connected 
to  the  floor.  .  Upon  the  flighted  excitation,  the  electric  fluid 
.will  accumulate  at  the  fealed  end,  and  be  difcharged  through 
{he  inftdc  in  the  form  of  a  fpark  ;  and  this  accumulation  and 
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discharge  may  be  inceflantly  repeated,  till  the  tube  is  broken. 

By  this  means,  a  fpark   42  inches  long  may  be  procured; 

'    and  if  a  proper  tube  could  be  found ,  we  might  have  a  fpark 

three  or  four  times  that  length :    if,  inflead  of  the  fealed  end, 

■  •   ■• 

a  bulb  be  blown  at  that  extremity  of  the  tube,  the  ele&k 

it- 
light  will  fill  the  whole  of  that  bulb,  and  then  £afs  through 

the  tube  in  the  form  of  a  brilliant  fpark,  as  in  the  foregoing 

f^periment ;  though  in  this  cafe,  the  charge,  after  a  few 

trials,  will  make  a  fmall  perforation  in  the  bulb.     If,  again, 

a  thermometer,   filled  with  mercury,    be  inverted  into  1 

eiftern,  and  the  air  exhaufied  in  the  manner  before  dcfcriW 

for  making  the  experiment  with  the  gage,  a  Torricellan 

vacuum  will  be  produced ;  and  now  the  elc&ric  light  in  tk 

bulb,   as  well  as  the  fpark  in  the  tube,  will  be  of  a  vrrid 

green ;  but  the  bulb  will  not  bear  a  frequent  repetition  of 

charges,  before  it  is  perforated  in  like  manner  as  when  it 

has  been  exhaufied  by  an  air-pump.    It  can  hardly  be  necef- 

(ary  to  obferve,  that  in  thefe  cafes  the  ele&ric  fluid  afliunes 

the  appearance  of  a  fpark,*  from  the  narrownefs  of  the  paf* 

fagc  through  which  it  forces  it's  way.     If  a  tube,    40  inches 

long,  be  fixed  into  a  globe,  8  or  9  inches  jn  c^ia  meter,  ami 

the  whole  be  exhaufied,  the  ele£lric  fluid,  after  pa  flan  g  is 

the  form  of  a  brilliant  fpark  throughout  the  length  of  the 

lube,  will,  when  it  gets  info  the  infide  of  the  globe,  «• 

•  •  *  » 

pand  itfelf  in  all  directions,  entirely  filling  it  with  a  violet 
and  purple  light,  and  exhibiting  a  flriking  in  fiance  of  the 
vafl  elafticity  of  the  cleclric  fluid, 

Mr.  Brook's  method  of  making  mercurial  gages  is  nearly 
as  follows.  Let  a  gjafs  tube  L,  fig  2,  fealed  hermetically  at  one 

-end, 


*  By  cementing  the  firing  of  a  guittar  into  one  end  of  a 
thermometer  tube,  a  friark  may  be  obtained,  as  well  as  if 
,110^  fee  tube  had  been  fealed  hermetically. 
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end,  be  bent  into  a  right  angle  within  two  or  three  inches  of 
the  other  end ;  at  the  diflance  of  about  an  inch  or  lefs  front 
the  angle,  let  a  bulb  K,  of  about  £  of  an  inch  in  diameter, 
be  blown  in  the  curved  end,  and  let  the  remainder  of  this  - 
part  of  the  tube  be  drawn  out  as  to  I,  fo  as  to  be  fufficiently 
long  to  take  -hold  of,  when  the  mercury  is  boiling.    The 
bulb  K  is  defigned  as  a  receptacle  for  the  mercury,  to  pre* 
vent  it's  boiling  over,  and  the  bent  figure  of  the  tube  is 
adapted  for  it's  invcrfion  into  the  ciftern ;  for  by  breaking 
off  the  tube  at  M,  within  i  or  J  of  an  inch  of  the  angle, 
the  open  end  of  the  gage  may  be  held  perpendicular  to  the 
horizon,  when  it  is  dipped  into  the  mercury  in  the  ciftern,  * 
without  obliging  us  to  bring  our  finger,  or  any  other  fub-  * 
fiance,  into  contact  with  the  mercury  in  the  gage,  which 
never  fails  to  render  the  inftrument  imperfeth     It  is  ne- 
ceftary  to  obferve,  that  if  the  tube  be  fourteen  or  fifteen 
inches  kmg,  it  will  be  ncceffary  to  boil  it  for  three  or  four 
hours ;  nor  will  it  even  then  fucceed,  unlefs  the  greateft 
attention  be  paid  that  no  bubbles  of  air  lurk  behind,  Which 
will  frequently  happen,  if  the  tube  is  not  made  very  dry 
before  the  mercury  is  put  into  it.    If  this  caution  be  not ' 
obferved,  the  inftngnent  can  never  be  made  perfect. 


Experiments  on  air,  by  Henry  Cavendjsh,  Efq* 

The  apparatus  ufed  in  making  the  ex  per*  men  ts  was  as 
follows.  The  air,  through  which  the  fpark  was  intended 
to  be  patted,  was  confined  in  a  glafs  tube  M  bent  to  an  an* 
gle,  as  in  fig.  7,  which,  after  being  filled  with  quickfilver, 
Was  inverted  into  two  glades  of  the  fame  fluid,  as  in  the 
figure*    The  air  to  be  tried,  was  then  introduced  by  means 
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of  a  fmall  tube,  fuch  as  is  ufcd  for  thermometers,  beat  in. 
the  manner  reprefented  by  ABC,  fig.  8,  the  bent  end  of 
which,  after  being  previoufly  filled  with  quickfilver,  w$ 
introduced,  as  in  the  figure,  under  the  glafs  D  £  F,  inverted 
into  water,  and  filled  with  the  proper  kind  of  air,  the  eo4 
C  of  the  tube  being  kept  flopped  by  the  finger ;  then,  04 
removing  the  finger  from  C,  the  quickfilver  in  the  tube 
defcended  in  tlie  leg  B  C,  and  it's  place  was  fupplicd  with 
air  from  the  glafs  D  £  F.  Having  thus  got  the  proper 
quantity  of  air  into  the  tube  ABC,  it  was  held  with  the 
end  C  uppermoft,  and  flopped  with  the  finger  ;  and  the 
end  A,  made  (mailer  for  that  purpofc,  being  introduced  into 
one  end  of  the  bent  tube  M,  fig.  7,  the  air,  on  removing  the 
finger  from  C,  was  forced  into  thai  tube  by  the  prcQure 
of  the  quickfilver  in  the  leg  B  C.  By  thefc  means  he  wit 
enabled  to  introduce  the  exa&  quantity  he  pleafed  of  any 
kind  of  air  into  the  tube  M  ;  and  by  the  fame  means, 
could  let  up  any  quantity  of  foap-lees,  or  any  other  liquor 
which  he  wanted  to  be  in  contact  with  the  air. 

In  one  cafe,  however,  in  which  he  wanted  to  introduce 
air  into  the  tube  many  times  in  the  fame  experiment,  he 
ufed  (he  apparatus  reprefented  in  fig.  9,  confiding  of  a 
tube  A  B  of  a  fmall  bore,  a  ball  C,  and  a  tube  D  £  of  a 
larger  bore.  This  apparatus  was  firft  filled  with  quick- 
filver, and  then  the  ball  C  and  the  tube  A  B  were  filled 
with  air,  by  introducing  the  end  A  under  a  glafs  inverted 
into  water,  which  contained  the  proper  kind  of  air,  and 
drawing  out  the  quickfilver  from  the  leg  E  D  by  a  fyplion. 
After  being  thus  furnifhed  with  air,  the  apparatus  was 
weighed,  and  the  end  A  introduced  into  one  end  of  the 
tube  M,  and  kept  there  during  the  experiment;  the  way 
of  forcing  air  out  of  this  apparatus  into  the  tube,  being  bj 
thrufting  down  the  tube  E  D  a  wooden  cylinder,  of  fuch  a 
fize'  as  alinoft  to  fill  up  the  whole  bore,  and  by  occafion- 

aflv 


Wry  pouring  quickfilver  into  the  fame  tube,  to  fuppry'tffe 
tolace  of  that  pufhed  into' the  ball  C.  After  Ac'  experiment 
was  flhifhed,  flic  apparatus  was  weighed  again,  which 
fhewed  exactly  how  much  air  had  been  forced  into  the  tube 
M,  during  the  whole  experiment ;  it  being  equal  in  bulk 
to  a  quantity  of  quickfil ver,  whofe  weight  was  equal  to  the 
increafe  of  weight  of  the  apparatus. 

The  bore  of  the  tube  M  ufed  in  moft  of  the  following 
experiments,  was  about  otie  tenth  of  an  inch ;  and  the  length 
of  the  column  of  air,  occupying  the  upper  part  of  the  tube, 
was  in-general  from  1  f  to  \  of  an  inch. 

It  is  fcarccly  neceffary  to  inform  any  one  ufed  to  elec- 
trical experiments,  that  in  order  to  force  ah  electrical  fjbrk 
through  the  tube,  it  was  neceffary,  not  to  make  a  commu- 
nication between  the  tube  and  the  conductor,  but  to  place 
an  infulated  ball  at  fuch  a  diftance  from  the  conductor,  as 
to  receive  a  (park  from  it,  and  to  make  a  communication 
between  that  ball  and  the  quick filver  in  one  of  the  glades, 
white  the  quickfilver  in  the  other  glafs  communicated  with 
the  ground. 

When  the  ele&ric  fpark  was  made  to  pafs  through  com- 
mon air,  included  between  fhort  columns  of  a  folution  of 
litmus,  the  folution  acquired  a  red  colour,  and  the  air  was 
diminished  conformably  to  what  was  obferved  by  Dr. 
Prieftley.    When  lime-water  was  ufed  inftead  of  the  folu- 

-  tion  of  litmus,  and  the  fpark  was  continued  till  the  air 
could  be  no  farther  diminifhed,  not  the  lead  cloud  could 
be  perceived  in  the  lime-water  *,  but  the  air  was  reduced  to 
two  thirds  of  it's  original  bulk ;  which  is  a  greater  diminu- 
tion than  it  could  have  fufferedby  mere  phlogiflication,  as 

*  that  is  very  little  more  than  one-fifth  of  the  whole. 

The  experiment  was  next  repeated  with  fome  impure 

-  dephlogifticated  air.  The*  air  was  very  much  diminifhed, 
but  without  the  lead  cloud  being  produced  in  the  lutfe- 

water; 
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water;  neither  was  any  cloud  produced  when  fixed  air  wit 
let  up  to  it ;  but  on  the  further  addition  of  a  little  catfftic 
volatile  alkali,  a  brown  fediment  was  immediately  percetvtd. 

Hence  we  may  conclude,  that  the  lime-water  was  (atura- 
ted  by  fome  acid  formed  during  the  operation ;  as  in  this 
cafe  it  is  evident,  that  no  earth  could  be  precipitated  by  the 
fixed  air  alone,  but  that  cauflic  volatile  alkali,  on  being 
added,  would  abforb  the  fixed  air,  and  thus  becoming  mild, 
would  immediately  precipitate  the  earth ;  whereas,  if  the 
earth  in  the  lime-water  had  not  been  faturated  with  an  acid, 
it  would  have  been  precipitated  by  the  fixed  air.  As  to  the 
brown  colour  of  the  fediment,  it  mofl  likely  proceeded  from 
feme  of  the  quickfilver  having  been  diffolved. 
»  It  mud  be  obferved,  that  if  any  fixed  air,  as  well  as  acid, 
had  been  generated  in  thefe  two  experiments  with  the  lime* 
water,  a  cloud  mufl  have  been  at  firft  perceived  in  it,  though 
that  cloud  would  afterwards  difappear,  by  the  earth  being. 
re-diilolved  by  the  acid ;  for  till  the  acid  produced  was  fuf» 
ficicnt  to  dittblve  the  whole  of  the  earth,  fome  of  the  re- 
mainder would  be  precipitated  by  the  fixed  air  ;  fo  that  wo 
may  fafely  conclude,  that  no  fixed  air  was  generated  in  the 
operation. 

When  the  air  is  confined  by  foap-lees,  the  diminution 
proceeds  rather  fader  than  when  it  is  confined  by  lime- 
water  ;  for  which  reafon,  as  well  as  on  account  of  their 
containing  fo  much  more  alkaline  matter  in  proportion  to 
their  bulk,  foap-lees  feemed  better  adapted  for  experiments 
defigned  to  inveftigate  the  nature  of  this  acid,  than  lime- 
water.  Accordingly  fome  experiments  were  made,  to  deter- 
mine what  degree  of  purity  the  air  fhould  be  of,  in  order 
to  be  diminifhed  mod  readily  and  to  the  greateft  degree  ;  and 
it  was  found,  that  when  good  dephlogifticated  air  was  ufed, 
the  diminution  was  but  fmall ;  when  perfectly  phlogifticated 
air  was  ufed,  no  fenfible  diminution  took  place  y  but  when 

4  five 
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fcve parts  of  pure  dephlogifticated  air  were  mixed  with  three  . 
parts  of  common  air,  almoft  the  whole  of  the  air  was  made 
todifappear*  It  mud  be  confidered,  that  common  air  con- 
fiftsof  one  part  of  dephlogifticated  air,  mixed  with  four  of 
phlogilticated ;  fo  that  a  mixture  of  five  parts  of  pure  de- 
phlogifticated air,  and  three  of  common  air,  is  the  fame 
thing  as  a  mixture  of  feven  parts  of  dephlogifticated  air  with 
three  of  phlogifticatcd. 

Having  made  thefe  previous  trials,  introduce  into  the  tube 
*  little  foap-lees,  and  then  let  up  fome  dephlogifticated  and 
common  air,  mixed  in  the  above-mentioned  proportions) 
Which  rifing  to  the  top  of  the  tube  M,  divided  the  foap-lees- 
into  it's  two  legs,  as  fad  as  the  air  was  diminifhed  by  the 
tle&ric  fpark ;  continue  adding  more  of  the  fame  kind,  till 
|&o  further  diminution  takes  place;    after  which,  a  little 
'  pure  dephlogifticated  air,  and  after  that  a  little  common  air, 
were  added,  in  order  to  lee  whether  the  ceffation  of  diminu- 
tion was  not  owing  to  fome  imperfection  in  the  proportion 
Of  the  two  kinds  of  air  to  each  other,  but  without  effect 
The  foap-lees  being  then  poured  out  of  the  tube,  and  fepara- 
ted  from  the  quickfilver,  feemed  to  be  perfectly  neutralized, 
as  they  did  not  at  all  difcolour  paper,  tinged  with  the  juice 
of  blue  flowers.     Being  evaporated  to  drynefs,  they  left  a 
final!  quantity  of  fait,  which  was  evidently  nitre,  as  appear- 
ed by  the  manner  in  which  paper,  impregnated  with  a  folu- 
tion  of  it,  burned* 

For  more  fatisfa&ion,  he  tried  this  experiment  over  again, 
en  a  larger  fcale.  About  five  times  the  former  quantity  of 
fbap-lees  were  now  let  up  into  a  tube  of  a  larger  bore  ;  and  a 
mixture  of  dephlogifticated  and  common  air,  in  the  fame 
proportions  as  before,  being  introduced  by  the  apparatus  re- 
peJented  in  fig,  9,  the  fpark  was  continued  till  no  more  air 
could  be  made  to  difappear.  The  liquor,  when  poured  out  of 
die  tube,  fincllod  evidently  of  phlogifticatcd  nitrous  acid. 

1  This 
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This  fait  was  found,  by  the  manner  in  which  paper,  dipped 
into  a  folution  of  it,  burned,  to  be  true  nitre.  It  appeared,  by 
the  tcfl  of  terra  ponderofa  falita,  to  contain  not  more  vitri- 
olic acid  than  the  foap-lces  themfelves  contained,  which  was 
execflivcly  little  ;  and  there  is  no  reafon  to  think,  that  any 
other  acid  entered  into  it,  except  the  nitrous. 

A  circumftance,  however,  occurred,  which  at  firft  Teemed 
to  (hew,  that  this  fait  contained  fomc  marine  acid  ;  namely, 
an  evident  precipitation  took  place,  when  a  folution  of  fil- 
ver  was  added  to  fome  of  it  diflblved  in  water  ;  though  the 
foap-lccs  ufed  in  it's  formation  were  perfectly  free  from  ma- 
rine acid,  and  though,  to  prevent  all  danger  of  any  precipi- 
tate being  formed  by  an  excefs  of  alkali  in  it,  fome  purified 
nitrous  acid   had  been  added  to  it,   previous  to  the  addition 
of  the  folution  of  filver.     On  confideration,  however,  he 
fufpecjed,  that  this  precipitation  might  arife  from  the  nitrous 
acid  in  it  being  phlogiflicated ;   and  therefore  tried,  whether 
nitre,  much  phlogiflicated,  would  precipitate  filver  from  it's 
folution.     For  this  purpofe,  he  expofed  fome  nitre  to  the 
fire,  in  an  earthen  retort,  till  it  had  yielded  a  good  deal  of 
dcphlogifticated  air;  and  then  having  diflblved  it  in  water, 
and  added  to  it  fomc  well  purified  fpirit  of  nitre,  till  it  was 
fenfibly  acid,  in  order  to  be  certain  that  the  alkali  did  not 
predominate,   he  dropped  into  it  fome  folution  of  filver, 
which  immediately  made  a  very  copious  precipitate.     Thif 
folution,  however,   being  deprived  of  fome  of  it's  phjo- 
giflon  by  evaporation  to  diyncfs,  and  expofure  for  a  few 
weeks  to  the  air,   loft  the  property  of  precipitating  filver 
from  it's  folution ;  a  proof  that  this  property  depended  only 
on  it's  phlogifli cation,  and  not  on  it's  having  abforbed  fea 
fait  from  the  retort,  or  by  any  other  means. 

Hence  it  is  certain,  that  nitre,  when  much  phlogiflicated, 
is  capable  of  making  a  precipitate  with  a  folution  of  filver; 
and  therefore  there  is  no  reafon  to  think,  that  the  precipitate, 

which 
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which  our  fait  occafioned  with  a  folution  of  filvcr,  pro- 
ceeded from  any  other  caufe  than  that  of  it's  being  phlo- 
gifticated; cfpecially  as  it  appeared  by  the  fmell,  bothonfirft 
taking  it  out  of  the  tube,  and  on  the  addition  of  the  fpirit 
of  nitre,  previous  to  dropping  in  the  folution  of  filvcr,  that 
the  add  in  it  was  much  phlogifticated.     This  property  of 
phlogifticated  nitre  is  worth  the  attention  of  chemifts ;  as 
otherwife  they  may  fometimes  be  led  into  miflakes,  in  in- 
vestigating the  prefence  of  marine  acid  by  a  folution  of  filvcr. 
In  a  former  paper  Mr.  Cavendifh  has  aflerted,  that  when 
nitre  is  detonated  with  charcoal,  the  acid  is  converted  into 
phlogifticated  air;  that  is,  into  afubftance  which,  as  far 
as  he  could  perceive,  poffeues  all  the  properties  of  the 
phlogifticated  air  of  our  atmofphere :  from  which  he  con* 
eluded,  that  phlogifticated  air  is  nothing  elfe  than  nitrous 
acid  united  'to  phlogifton.     According  to  this  conclufion, 
phlogifticated  air  ought  to  be  reduced  to  nitrous  acid  by 
being  deprived  of  it's  phlogifton ;  but  as  dephiogifticated 
air  is  only  water  deprived  of  phlogifton,   it  is  plain,  that 
adding -dephiogifticated  air  to  a  body,  is  equivalent  to  de- 
priving it  of  phlogifton,  and  adding  water  to  it ;  and  there- 
fore phlogifticated  air  ought  alfo  to  be  reduced  to  nitrous 
acid,  by  being  made  to  unite  to,  er  form  a  chemical  com- 
bination with  dephiogifticated  air;  only  the  acid  formed 
this  way  will  be  more  dilute,  than  If  the  phlogifticated  air 
was  (imply  deprived  of  phlogifton. 

This  being  premifed,  we  may  fafely  conclude,  that  in 
the  prefent  experiments  the  phlogifticated  air  was  enabled, 
by  means  of  the  electrical  fpark,  to  unite  to,  or  form  a  che- 
mical combination  with  the  dephiogifticated  air,  and  was 
thereby  reduced  to  nitrous  acid,  which  united  to  the  foap- 
lees,  and  formed  a  folution  of  nitre  ;  for  in  thefe  experi- 
ments thofe  two  airs  actually  difappeared,  and  nitrous  acid 
was  actually  formed  in  their  room ;  and  as,  moreover,  it 
6  has 
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has  juft  been  (hewn,  from  other  circumftaacea,  that 
phlogiflicated  air  muft  form  nitrous  acid  when  combined 
with  dcp^logifticated  air,  the  above-mentioned  opinion 
deems  to  be  fufficiently.  eftablifhed.  A  further  confirmation 
of  it  it,  that  as  far  as  we  can  perceive,  no  diminution  of. 
air  is  produced  when  the  define  fpark  is  patted,  either 
through  pure  dephlogifticated  air,  or  through  pgrfrftly 
phlogiflicated  air ;  which  indicates  the  neceffity  of  a  coa- 
bination  of  thefe  two  airs  to  produce  the  acid.  Moreover 
it  was  found  in  the  lad  experiment,  that  the  quantity  of 
nitre  procured,  was  the  fame  that  the  foap-Iees  woul^have 
produced,  if  faturated  with  nitrous  acid ;  which  £bews> 
that  the  production  of  the  nitre  was  not  owing  tMny  «V 
compofuion  of  the  foaplee* 


AN 


lxxxvi       SUPPLEMENT, 

•  • 

has  juft  been  fhewn,,  from  other  circumlbncea,  thai 
phlogiilicated  air  muft  form  nitrous  acid  when  combined 
with  dep^logifticated  air,  the  above-mentioned  opinion 
fcems  to  be  fufnciently.  eftablifhecL  A  further  confirmation. 
of  it  it,  that  as  far  ai  we  can  perceive,  no  diminution  of, 
air  is  produced  when  the  ele&ric  fpark  is  pafied,  either 
through  pure  dephlogifticated  air,  or  through  pgrfirftly 
phlogiilicated  air ;  which  indicates  the  neceflity  of  a  com- 
bination of  thefe  two  airs  to  produce  the  acid.  Moreover* 
it  was  found  in  the  laft  experiment,  that. the  quantity  of 
nitre  procured,  was  the  fame  that  the  foap-Ioes  woulgnave 
produced,  if  faturated  with  nitrous  acid ;.  which  {hews* 
that  the  production  of  the  nitre  was  not  owing  toanjr  4s>, 
compofuioa  of  the  foap*leea* 


AN 


ixxxvi       SUPPLEMENT* 

has  juft  been  fhewn,.  from  other  circumftancea,  that 
phlogiilicated  air  muft  form  nitrous  acid  when  combined 
with  dep^logifticated  air,  the  above-mentioned  opinion 
deems  to  be  fufn cientfy  eftabliftied.  A  further  confirmation 
of  it  it,  that  at  far  at  we  can  perceive,  no  diminution  of, 
air  is  produced  when  the  ele&ric  fpark  is  patted,  either 
through  pure  dephlogifticated  air,  or  through  per&dlf 
phlogiilicated  air ;  which  indicates  the  neceflity  of  a  com- 
bination of  thefe  two  airs  to  produce  the  acid.  Moreover* 
it  was  found  in  the  lad  experiment,  that  the  quantity  of 
nitre  procured,  was  the  fame  that  the  foap-Iees  woulghave 
produced,  if  faturated  with  nitrous  acid ;.  which  Ihews*, 
that  the  production  of  the  nitre  was  not  owing  tMnj  ds> 
compofition  of  the  foaplee* 


AN 


lxxxvi       SUPPLEMENT* 

has  juft  been  fhewn,  from  other  circumftances,  Un£ 
phlogifticated  air  muft  form  nitrous  acid  when  combined 
with  dep^logifticatcd  air,  the  above-mentioned  opinion 
deems  to  be  fumcicntly  eftablifhed.  A  further  confinnatioa 
of  it  it,  that  as  far  at  we  can  perceive,  no  diminution  of, 
air  is  produced  when  the  eleftric  fpark  is  patted,  either 
through  pure  dephlogifticated  air,  or  through  per&cty 
phlogifticated  air ;  which  indicates  the  neceflity  of  a  com- 
bination of  thefe  two  airs  to  produce  the  acid.  Moreover* 
it  was  found  in  the  lad  experiment,  that. the  quaatats/of 
nitre  procured,  was  the  fame  that  the  foap-loes  wooJk}have 
produced,  if  faturateji  with  nitrous  acid ;  which  fhcwsj, 
that  the  production  of  the  nitre  was  not  owing  U*smjf  df> 
compofuion  of  the  foaplee* 


AN 


lxxxvi       SUPPLEMENT* 

has  juft  been  fhewn,.  from  other  circumftaacea,  thai 
phlogiilicated  air  muft  form  nitrous  acid  when  combined 
with  depfejogifticated  air,  the  above-mentioned  opinion 
fcems  to  be  fufnciently.  eftablifhecL  A  further  confirmation 
of  it  it,  that  at  far  at  we  can  perceive,  no  diminution  of, 
air  is  produced  when  the  ele&ric  fpark  is  pafled,  either 
through  pure  dephlogifticated  air,  or  through  per&cty 
phlogiilicated  air ;  which  indicates  the  neceffity  of  a  com- 
bination of  thefe  two  airs  to  produce  the  acid.  Moreover* 
it  was  found  in  the  lad  experiment,  that,  the  quaatats/of 
nitre  procured,  was  the  fame  that  the  foap-lees  wooJk}havo. 
produced,  if  faturated  with  nitrous  acid ;  which  fhcwsj, 
that  the  production  of  the  nitre  was  not  owing  U»*n]r  df> 
compofttion  of  the  foaplee* 


AN 


i 


.i 


1 

4' 
1 


■  i 


AM 


ESSAY 


O    N 


ELECTRICITY. 


CHAR     I. 

Of  Electricity   in    general, 

IT  mud  appear  furprifing  to  every  fearchei* 
after  truth,  that  eledlricity,  which  is  now 
allowed  to  be  one  of  the  principal  agents  em- 
ployed in  producing  the  phenomena  of  nature, 
fliould  have  remained  fo  long  in  obfcurity ;  for, 
comparatively  fpeaking,  it's  exiftcnce  was  not 
known  to  the  ancients.  They  were  not,  indeed, 
altogether  ignorant  of  the  peculiar  properties  of 
thofe  bodies  that  we  now  term  cle&rics  per  se  ; 
neverthelefs  their  knowledge  was  circumfcribed, 
being  confined  to  the  obfervation  only  of  thofe 

B  phenomena 
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phenomena  which  nature  prefented  to  their 
fenfes,  in  the  ordinary  courfe  of  her  operations ; 
hence  near  two  thoufand  years  elapfed,  before 
any  addition  was  made  to  the  little  which  was 
known  to  Theophraftus,  and  this  branch  of 
natural  hiftory  remained  uncultivated,  till  the 
happy  period  arrived,  when  the  philofopher  was 
emancipated  from  the  chains  of  hypothetic  rta- 
foning,  and  the  uncertainties  of  vague  conjec- 
ture. 

The  exigence  of  this  fubtle,  and  in  mod  cafes 
invifible,  power,  was  then  traced,  and  many  of 
it's  properties  developed ;  it's  agency  was  dis- 
covered to  be  univerfal,  and  it's  extent  unli- 
mited, 

Eledricity  has  been  dignified  in  a  peculiar 
manner,  by  engaging  the  attention  of  the  phib- 
fophic  hiftorian ;  who,  by  delineating  the  gra- 
dual progrefs  of  it's  difcoverics,  defcribing  the 
different  theories  which  have  been  invented  to 
account  for  it's  effects,  and  pointing  out  the 
desiderata  which  ftill  remain  to  be  explored, 
has  contributed,  in  a  high  degree,  to  enlarge  the 
boundaries  of  electricity,  and  to  increafe  the 
number  of  thofe  who  cultivate  it. 

Since  the  publication  of  Dr.  Pricftley's  hif- 
tory, the  eledlrical  apparatus  has  been  confider- 
ably   augmented,  and  many  new  experiments 

have 
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have  been  made.  To  defcribe  the  one,  and  to 
arrange  the  other,  under  fuch  heads  as  will  point 
out  the  connexion  between  the  experiments  and 
the  received  theory  of  eledtricity,  was  one  of  the 
principal  views  I  had  in  compofing  this  effay* 
I  alfo  wifhed  to  put  into  the  hands  of  my  cus- 
tomers a  trait,  which  might  enable  them  to  ufe# 
with  eafe  and  fatisfadtion,  the  eledlrical  machines 
and  apparatus  which  I  recommend. 

As  eledtricity  is  in  it's  infancy,  when  conGdcr- 
ed  as  a  fcience,  it's  definitions  and  axioms  can* 
not  be  Hated  with  geometric  accuracy.  I  fhall 
endeavour  to  avoid,  as  much  as  poffible,  the  ufe 
of  politive  expreffion,  in  order  to  invite  the 
reader  to  examine  the  experiments  himfelf,  to 
compare  them  one  with  another,  and  then  draw 
his  own  conclufions ;  beginning  with  thofe  ex* 
periments  which  were  the  foundation  of  the  pre- 
fent  ftate  of  ele&ricity,  and  which  gave  rife  to 
the  principal  technical  terms  made  ufe  of  in  this 
fcience. 

Experiment  i. — Rub  a  dry  glafs  tube  with 
a  piece  of  dry  (ilk,  prefent  light  bodies,  as  fea- 
thers, pith  balls,  &c.  to  it,  they  will  be  at- 
tracted, and  then  repelled.  A  piece  of  black  or 
oiled  (ilk,  on  which  a  little  amalgam  has  been 
placed,  makes  the  bed  rubber  for  a  fmooth  glafs 

B  2  tube: 
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tube :  foft  new  flannel  fucceeds  well  with  fcafing 
wax. 

Experiment  ii. — Rub  a  dry  ftick  of  fealing 
wax,  it  will  firft  attradt  and  afterwards  repd 
thofe  light  bodies  that  are  brought  near  to  it. 

The  fridtion  in  the  two  preceding  experiments 
has  put  in  adtion  an  agent,  or  power,  which  at- 
tracts and  repels  light  bodies;  this  power  is  cal- 
led ELECTRICITY, 

A  certain  quantity  or  natural  fhare  of  the  elec- 
tric fluid,  is  fuppofed  to  be  difleminated  in  all 
bodies,  in  which  (late  it  makes  no  impreffion  on 
ourfenfes;  but  when,  by  the  powers  of  nature 
or  art,  this  equilibrium  is  deftroyed,  and  the 
agency  of  the  fluid  is  rendered  vifible  to  the 
fenfes,  then  thofe  effedts  are  produced  which  we 
term  eleflrical,  and  the  body  is  faid  to  be  elec- 
trified. 

Any  fubftance,  that  is  made  by  fridtion  to 
exhibit  ele&ric  appearances,  is  faid  to  be  ex- 
cited. 

Amber,  filk,  jet,  dry  wood,  and  a  variety  of 
other  fubftances,  being  excited,  attradt  and 
repel  light  bodies;  thefe  are  called  electrics. 
Such  fubftances,  as  metals,  water,  &c.  the  fric- 
tion of  which  will  not  produce  this  power  of 

2  attradtion 
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attraQion  and  repulfion,  are  called  non-elec- 

TRICS. 

When  the  excited  glafs  tube,  or  flick  of  feal- 
ing  wax,  is  in  good  order,  and  the  particles  of 
cleclricity  are  fufficiently  united  to  adt  on  the 
organs  of  vifion;  pencils  of  light  will  dart 
from  the  tube  in  a  beautiful  manner,  and  a 
fnapping  noife  will  be  heard  on  the  approach  of 
any  conductor. 

Ele&ricity  is  often  excited  by  other  caufes  as 
well  as  fridtion.  Thus  it  may  be  produced  by 
heating  or  cooling  of  fome  fubftances,  by  blow- 
ing of  air  violently  on  a  body,  &c.  nay,  it  is 
probable,  that  whatever  removes  the  ftratum  of 
air  from  the  furface  of  any  body,  or  influences 
the  cohefion  of  it's  parts,  will  difturb  the  ele&ric 
fluid. 

The  difcharge  of  large  cannon,  and  the 
blowing  up  of  powder  magazines,  has  been 
known  to  elecftrify  glafs  windows. 

Experiment  hi. — Let  a  metallic  cylinder 
be  placed  upon  filk  lines,  or  upon  glafs,  bring 
an  excited  ele&ric  near  to  it,  and  every  part  of 
the  metallic  cylinder  will  attract  and  repel  light  ' 
bodies,  as  forcibly  as  the  excited  eledtric  itfelf. 

Experiment 
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Experiment  iv. — Support  a  dry  glafs  rod  on 
filk  lines,  or  by  glafs,  bring  an  excited  ele&ric 
near  it,  and  no  attraction  or  repulfion  will  take 
place ;  becaufe  the  elcftricity  cannot  be  trant 
mitted  through  it. 

From  thefe  experiments  is  deduced  the  diftioc- 
tion  between  thofe  bodies  which  produce  the 
ele&ric  fluid  and  thofe  which  do  not. 

Thofe  bodies  which  poflefs  the  power  of  trans- 
mitting eleftricity,  are  called  conductors  and 

NON-ELECTRICS* 

Thofe  fubftances,  which  are  impervious  to 
electricity,    are    called    non-conductors,   a 

ELECTRICS. 

A  body  which  communicates  with  nothing 
but  eleftrics,  is  faid  to  be  insulated. 

If  all  fubftances  poflefled  an  equal  power  erf 
retaining  or  parting  with  the  eledxic  fluid,  the 
greater  part  of  it's  phenomena  would  have  re- 
mained unknown  to  us ;  but,  as  it  pafles  readily 
only  over  the  furfaqc  of  fome  fubftances,  whifc 
others  refill  it's  paflagc,or  are  nearly  impermeable 
to  it,  we  arc  enabled  to  accumulate,  condenfc, 
and  retain  it  on  the  laft,  and  thus  fubjed  it 
eafily  to  the  teft  of  experiment. 

From  the  third  and  fourth  experiments  wc 
learn;  that  excited  ele&rics  will  communicate 
.the  eleftric    powers  to  conducing  fubftances 

which 
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which  are  infulated,  that  thefe  will  then  attradt 
and  repel  light  bodies,  &c.  fimilar  to  the  elec- 
tric itfelf ;  with  this  difference  only,  that  a  con- 
dudtor,  which  has  received  eledtriciry,  parts 
with  it  at  once,  when  it  is  touched  by  another 
condudtor  that  communicates  with  the  earth; 
whereas  the  excited  eledric,  under  the  fame 
circumftances,  only  lofes  it's  cledbricity  partially. 

Experiment  v. — Eledlrify,  with  excited  glass 
or  sealing  wax,  two  infulated  cork  balls,  fuf- 
pended  by  lines  about  fix  inches  long,  and  the 
balls  will  feparate  from  and  repel  each  other. 

Experiment  vi. — Eledtrify  one  ball  with 
glass,  the  other  with  sealing  wax,  and  they 
will  be  mutually  attradted. 

Thefe  two  oppofite  and  remarkably  diftindl 
effc&s  in  the  attractive  and  repulfive  powers  of 
cledtricity,  whereby  one  attradls  what  the  other 
repels,  were  difcovered  at  an  early  period  of  the 
hiftory  of  this  fcience. 

The  eledtric  power  produced  by  the  excitation 
of  glafs,  is  called  positive  electricity,  and  the 
power  produced  by  the  excitation  of  fealing  wax 
is  called  negative  electricity.  This  differ- 
ence was  at  firft  thought  to  depend  on  the  eledtric, 
and  it  was  then  fuppofed  that  the  two  kinds  of 

eledlricities 
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ele&ricities  were  eflentially  difiinft;  but  it  is 
now  known,  that  each  of  thefe  powers  may  be 
produced  from  the  excitation  of  either  glafs  or 
fealing  wax. 

Electricians  have  been  engaged,  by  the  dis- 
covery of  the  two  foregoing  diftin&ions,  to  ex- 
amine the  electric  properties  of  mod  bodies,  to 
afcertain  whether  they  pofleffed  the  pofitive  or 
negative  powers ;  by  this  means  the  catalogue 
of  eleftrics  has  been  confiderably  increafed,  and 
it  was  foon  found  that  every  fubftance,  we  weie 
acquainted  with,  had  more  or  lefs  affinity  with 
the  cle&ric  fluid,* 

Catalogue  of  Conducting    Substances. 

i.  Stony  SubJIances. 

Stony  fubftances  in  general  condud  very 
well,  though  dry  and  warm. 

Lime-ftone  and  lime  juft  burnt  are  equally 
imperfedl  conductors. 

Marbles  condudt  confiderably  better  than 
free-ftone,  and  there  is  found  very  little  differ- 
ence 

*  Sec  Dr.  Prieftley's  Hiftory.  Cavtllo  on  Elearicitjr. 
Marit.  Rechcrches  fur  rdc&ricitc. 
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ence  among  any  of  the  fpecimcns  of  marble 
that  have  been  tried. 

A  large  piece  of  white  fpar  with  a  tinge  of 
blue  and  femi-tranfparent,  will  hardly  condud: 
in  the  lead  degree  :  pretty  ftrong  fparks  may  be 
taken  from  the  prime  conductor,  while  it  is  in 
contadl  with  it. 

A  piece  of  agate*  femi-pellucid,  receives  the 
electric  fpark  into  it's  fubftance  ;  though  it  will 
pafs  over  about  three  quarters  of  an  inch  of  it's 
furface  to  reach  the  finger  that  holds  it,  and  it 
difcharges  the  battery  but  flowly. 

Apiece  of  flate,  fuch  as  is  commonly  ufed  to 

write  on,   is  a  much  better  conductor  than  a 

#  piece  of  free-done,  which  condudts  but  poorly. 

Touch-ftone  condudts  pretty  well. 

A  piece  of  gypfum  and  plafter  of  Paris  con- 
duits very  well,  only  the  latter  having  a  fmoothcr 
furface  takes  a  ftronger  fpark. 

A  piece  of  afbeft  from  Scotland,  juft  as  it  is 
taken  from  it's  bed,  will  not  conduct.  While 
in  contaft  with  the  conductor,  fparks  may  be 
taken  at  the  diftance  of  half  an  inch  with  a  mo- 
derate electrification. 

A  piece  of  Spanifh  chalk  conduces  much  like 
marble. 

A  piece  of  Egyptian  granite  condudts  confi- 
derably  better  than  free-ftone. 

C  2.  Saline 
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2.  Saline  Bodies. 

Oil  of  vitriol  conduces  very  well. 

The  metallic  falts  in  general  condudt  better 
than  any  neutrals. 

Vitriol  of  copper  and  of  iron  conduit  verjr 
well,  though  they  will  not  tranfmit  a  fhock. 

Vitriolated  tartar  gives  a  fmall  fhock. 

Salt-petre  does  not  conduit  fo  well  as  fal-am- 
moniac.  If  the  eledtric  explofion  paflcs  over 
it's  furface,  it  difperfes  into  a  great  number  of 
fragments,  in  all  directions,  with  confidence 
violence. 

Volatile  fal-ammoniac  gives  a  fmall  {bock. 

Rock-falt  conduits,  but  not  quite  fo  well  as 
allum ;  the  ele&ric  fpark  upon  it  is  peculiarly 
red. 

Sal-ammoniac  exceeds  rock-falt  and  allum  in 

it's  condufting  powers,  but  will  not  take  the  leaft 
fenfible  fpark ;  fo  that  it  fcems  made  up  of  an 
infinite  number  of  the  fined  points. 

Salenitic  falts  condud:  but  poorly. 

By  allum  the  explofion  is  attended  with  a 
peculiar  hiding  noife,  like  that  of  a  fquib. 

3.  Inflammable  Bodies. 

A  piece  of  pyrites,  of  a  black  colour  taktf 

a  fparks 
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fparks  at  a  confiderable  diftance  from  the  prime 
condu&or,  like  fome  of  the  inferior  pieces  of, 
charcoal. 

Another  piece  of  pyrites,  which  has  been  part 
of  a  regular  fphere,  confiding  of  a  fhining  me- 
tallic matter,  will  not  conduct  near  fo  well, 
though  much  better  than  any  other  ftony  fub- 
ftance.  It  is  a  medium  betwixt  a .  ftone  and  an 
ore. 

Black-lead  in  a  pencil  condu&s  a  {hock  feem- 
ingly  like  metal  or  charcoal.  A  fmall  lump  of 
it  takes  as  full  and  ftrong  a  {park  from  the 
prime  condu&or  as  a  brafs  knob. 

4.  Metals  and  Ores, 

A  piece  of  gold  ore  from  Mexico  is  hardly  to 
be  diftinguilhed  in  thisjefjtedt  from  the  metal 
itfelf. 

A  piece  of  filver  ore  from  Potofi,  though 
mixed  with  pyrites,  condu&s  very  well. 

Two  pieces  of  copper  ore,  one  the  moil  va- 
luable that  is  known,  and  another  of  only  half 
the  value,  are  hardly  to  be  diftinguilhed  from 
bne  another  in  their  conducing  powers. 

Lapis-haematites  conducts  pretty  well. 

Black-fand  from  the  coaft  of  Africa,  which 
is  a  good  iron  ore,  and  part  of  which  is  affecfted 

C  2  by 
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by  the  magnet  as  much  as  ft  eel  filings,  is  found 
to  conduft  electricity,  but  not  a  fhock.  Sepa- 
rating with  the  magnet  all  that  will  be  eafzly 
attracted  by  it,  it  conduces  a  (hock  very  well : 
the  reft  would  hardly  conduct  at  all. 

The  ores  in  which  the  metal  is  mineralized 
with  fulphur  or  arfenic,  as  the  ores  of  lead, 
tin,  and  cinnabar,  the  ore  of  quickfilver,  arc 
little  inferior  to  gold  and  filver  ore. 

Ores  that  contain  nothing  but  the  earth  of 
the  metal,  condudt  electricity  little  better  than 
other  (tones. 

Lead,  tin,  iron,  brafs,  copper,  filver,  an4 
gold* 

5.   Fluids. 

The  fluids  of  an  animal  body. 

All  fluids,  excepting  air  and  oils. 

Fluids  appear,  in  general,  to  be  better  con- 
ductors in  proportion  as  they  contain  le&  in-, 
flammable  matter. 

Mr.  Cavcndilh  has  fhewn,  that  iron  wire 
conducts  about  four  hundred  millions  of  times 
better  than  rain  or  diflilled  water;  i.  e.  the 
electricity  meets  with  no  more  refiftance,  in 
paffing  through  a  piece  of  iron  wire  four  hundred 
jiujlion  inches  long,  than  through  a  column  of 

yratef 
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water  of  the  fame  diameter  only  one  inch  long. 

Sea  water,  or  a  folution  of  one  part  of  fait 
in  thirty  of  water,  condu&s  an  hundred  times, 
and  a  faturated  folution  of  fea  fait  feven  hundred 
and  twenty  times  better  than  rain  water. 

The  effluvia  of  flaming  bodies. 

Snow,  fmoke,  the  vapour  of  hot  water,  the 
vacuum  produced  by  an  air  pump,  charcoal, 
&c. 

Electric    Bodies. 

Amber,  jet,  pitch,  and  fulphur  ;  like  wife  all 
the  precious  ftones,  as  diamonds,  rubies,  gar- 
nets, topazes,  hyacinths,  chryfolites,  emeralds, 
fapphires,  amethyfts,  opals,  and  efpecially  tour- 
malins ;  all  refins  and  refinous  compounds,  wax, 
filk,  cotton ;  all  dry  animal  fubftances,  as  fea- 
thers, wool,  hair,  paper,  &c.  White  fugar, 
air,  oil,  chocolate,  calxes  of  metals,  dry  vegeta- 
bles, &c. 

I  do  not  know  whether  it  is  altogether  proper 
to  add  to  this  lift  of  eledlrics,  the  Torpedo  and 
Surinam  Eel,  living  eledlrics,  whofe  eledtricity 
is  put  in  adlion  by  the  will  of  the  animal. 

The  real  and  intrinfic  difference  between 
eledlrics  and  non-eleQrics,  remain  among  the 
eledric  defiderata ;  for  nothing  more  is  afcer- 

tained, 
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taincd,  than  that  the  conducing  power,  in 
fome  meafurc,  depends  upon,  or  is  governed  by 
heat.  Glafs,  refin,  and  many  other  articles,  arc 
made  conductors  by  heat ;  while  on  the  contra- 
ry, cold,  if  not  attended  with  moiflurc,  renden 
every  elc&ric  fubftance  more  ele&ric. 

Mr.  Achard,  of  Berlin,  has  publifhed,  in 
Rozier's  Journal  de  Phyfique,  a  very  ingenious 
paper  on  this  fubjed  ;  in  which  he  proves,  by 
experiment,  ift,  That  certain  circumftanccs 
will  caufe  a  body  to  condudl  doflricity,  which 
before  was  a  non-condudlor.  2d,  That  thefc 
circumftanccs  are  the  degrees  of  heat  to  which 
this  body  is  fubjefted.  He  endeavours  to  fhew, 
that  the  principal  changes  which  tyke  place  in 
any  fubftance  from  an  increafe  of  heat,  are  an 
augmentation  in  the  fize  of  it's  pores,  and  an 
increafe  of  velocity  in  the  igneous  particles  con- 
tained in,  and  afiing  on,  that  body.  He  then 
proves,  that  the  laft  circumftance  does  not  oc- 
cafion  the  alteration  in  the  eledlric  properties; 
and  infers,  agreeable  to  the  fyftem  of  Mr.  Eulcr, 
that  the  principal  difference  between  condu&ors 
and  non-condudtors  of  electricity  confifts  in  the 
fize  of  the  pores  of  the  conftitucnt  parts  of  the 
body. 
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A  List  of   Electric  Substances  and 

OP       THE      DIFFERENT        El  EC  TR1C  I  Tl  E# 
PRODUCED    BY    THEM. 


(Every  Subflance  with  which 


\ 


The  back  of  a  cat    Pofitive  ^     .  ,      , 

•     it  has  been  hitherto  tried 

j  Every      fubftance      hitherto 
Smooth  glafs  Pofitive  ^    tried,    except    the  back  of 

j    a  cat. 

f  Dry     oiled     filk,      fulphur, 
,  Pofitivc     <L  metals. 
Rough  glafs    J  ,  Woollen  cloth,  quills,  wood, 

I  Negative    <    paper,  •  fealing-wax,    white 
L  (  wax,  the  human  hand. 

r 

_  I    Pofitive    Amber,  air.* 

Tourmalin      v 

I    Negative  Diamond,  human  hand. 

L 

f  r  Metals,   filk,  loadftone,  lea* 

TT      ,  „  .       J     Pofitivc    <   ther,  theh  and,  paper,  baked 
Hare's  lkin    <  j  , 

]  /  wood. 

L  Negative       Other  finer  furs. 

(Black     filk,     metals,    black 
Poruivc     j   cloth. 

Negative .  C  PaPcr>  hand>   hair>    wcafer* 
?   lkin. 


White  filk 


*  i.  e.  By  blowing  with  a  pair  of  bellows  upon  it.  By 
this  means  many  elettrics  may  be  excited,  and  fome  better 
if  the  air  blown  is  hot,  although,  in  both  cafes,  very  little 

electricity  can  be  obtained. 

Black 
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•lack  filk     <  Negative 


5 


Pofitive 


i 


Baked  wood 


Pofitive 


Scaling  wax  -?  Ncgativc 


Sealing  wax* 

Hare's,  weafel's,  and   ferret's 

(kins,  loadftone,  brafs,  filver, 

iron,  the  hand. 

Metals. 

Hare's,  weafel's,  and  ferret's 
(kins,  hand,  leather,  woollen 
cloth,  paper. 


Pofitive     Silk. 
Negative     Flannel. 


Many  circumftanccs,  apparently  trifling,  will 
occafion  an  alteration  in  thefe  contrary  electrici- 
ties.    It  has  been  faid,  that  of  two  equal  fub- 
ftances  rubbed  together,  that  which  fufFcrs  the 
greateft  fri&ion,  or  is  mod  heated,  acquires  the 
negative  elediricity.     Though  this  in  many  cafes 
holds  true,    with   refpeft  to  filk   ribbons,  yet 
Mr.  Bergman  fays,  that  if  the  ribbon  A  be  black, 
it  will  never  become  pofitive,  unlefs  B  be  black 
like  wife.     With  pieces  of  glafs  the  effecft  is  con. 
trary ;  for,  if  they  are  both  equal,  the  piece  A, 
which  is  drawn    acrofs  the  piece  B,  becomes 
negative;    and    B,   which    fufFcrs  the   greateft 
friction,    becomes    pofitive.     Heating  by    fire 
produces  the  fame  effedt  as  the  greater  fridtion. 
If  one  piece  of  glafs  be  thicker  than  the  other, 
the  former  becomes  pofitive,  the  latter  negative. 

Coloured 
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Coloured  glafs,  even   when    heated,    becomes 
negative,  if  rubbed  with  common  white  glafe.-* 
If  a  piece  of  blue  glafs  is  rubbed  againft  a  green 
one,  the  blue  glafs  becomes  ftrongly  pofitive, 
&c. Bergman,  Swedilh  Tran.    1765. 

The  ele&ricities  produced  by  hair  and  glafs 
rubbed  together  feem  to  ballance  each  other,  and 
are  therefore  different  according  to  the  manner 
of  rubbing  and  the  quality  of  the  hair. 

Hair  of  a  living  animal,  or  hair  newly  cut, 
when  rubbed  with  a  glafs  tube  lengthways,  is 
pofuive  ;  and  here,  the  glafs,  which  fuffers  the 
greateft  fridtion,  is  negative.  But  if  the  glafs 
tube  be  drawn  acrofs  the  animal's  back,  or 
acrofs  a  fkain  of  hair  newly  cut,  the  glafs  be- 
comes pofitive.  Old  dry  hair,  rubbed  on  glals 
or  on  living  hair,  always  becomes  negative ;  but 
if  the  hair  is  a  little  greafed  with  tallow,  the 
fame  eftc<5t  is  produced  as  with  living  hair. 
Wilke  Swed.  Tran.  1769. 

Eie&rics  differ  from  each  other  with  refpeft 
to  the  facility  with  which  they  are  excited,  their 
force  when  excited,  and  the  power  with  which 
they  retain  the  effefts  of  the  excitation. 

Silk  feems  preferable  to  any  other  eleftric 
fubftance,  for  exhibiting  a  permanent  and  ftrong 
attractive  and  repulfive  power. 

D  Glaft 
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Glafs  appears  to  have  the  advantage  in  exhi- 
biting the  define  light,  attraftion,  and  rcpullion 
in  quick  fucceflion,  in  a  very  vigorous,  though 
not  a  durable  manner. 

Negative  eledtrics,  as  amber,  gum-lac,  fuU 
phur,  refin,  and  all  refinous  fubftances,  exhibit 
the  electric  appearances  for  the  greateft  length 
of  time.  A  finglc  excitation  is  fufficient  to 
make  them  do  fo  for  many  weeks,  in  favourable 
circumftances.  They  are  alfo  remarkable  for 
the  ftrong  eledtric  powers  which  they  communis 
cate  to  conducting  bodies  that  come  in  contadl 
with  them,  and  which  they  will  continue  to 
communicate  for  a  confiderable  time. 

It  may  be  proper  to  obferve  here,  that  the 
two  clafles  of  eledtrics  and  non-eledtrics  arc  not 
fo  ftrongly  marked  by  nature  as  to  enable  the 
elcdtrician  to  arrange  every  fubftance  with  pro- 
priety :  hence  the  fame  fubftance  has  been 
placed  by  different  writers  in  a  different  clafs. 
Befides  this,  the  eledtric  properties  of  the  fame 
fubftance  vary  on  a  change  of  circumftances ; 
thus  a  piece  of  green  wood  is  a  conductor  ;  the 
fame  piece,  after  it  has  been  baked,  becomes  a 
non-condudtor ;  charred  and  formed  into  char- 
coal, it  again  condudts  the  eledtric  fluid;  but 
>vhen    reduced   to    afhes,  is  impervious  to  it. 

2  Put 
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But  further,  the  diftindlions  themfelves  are  very 
inaccurate,  fince  every  fubftance  is  in  a  certain 
degree  a  conductor  of  this  fluid,  though  fome 
refill  it's  paflage  more  than  others. 


D2  CHAP- 
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CHAP.      II, 

Of  the  Electrical  Machine;  with  Direc- 
tions FOR  EXCITING  IT. 

AS  foon  as  the  properties  of  eledtricity  were 
in  fome  meafure  developed,  the  philofb* 
pher  and  the  artift  concurred  in  contriving  and 
executing  a  variety  of  machines  to  excite  and 
accumulate  this  extraordinary  agent.  The 
greater  part  of  thefe  have  been  laid  afide,  in 
proportion  as  the  fcience  advanced,  and  it's 
boundaries  were  extended.  1  (hall,  therefore, 
only  defcribe  that  ele&rical  machine  which  is 
now  in  general  ufe,  whofe  conftrucHon  is  fimple, 
and  well  adapted  to  produce  the  eledtric  fluid 
in  great  quantities,  and  tranfmit  it  in  full  and 
continued  dreams  to  the  prime  condudlor. 

That  the  operator  may  fucceed  in  producing 
this  effect,  I  fliall  firft  enumerate  thofc  parts  of 
the  machine  which  require  moft  attention;  then 
defcribe  the  machine  itfelf,  and  afterwards  give 
inftrudtions  to  enable  him  to  excite  it  power- 
fully. 

The  following  are  the  parts  of  an  eledtrical 
machine,  which  fall  more  immediately  under 
the  care  of  the  electrician. 

i.  The 
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1.  The  eleQric,  which  is  to  be  excited,  as 
the  glafs  cylinder. 

2.  The  mechanical  contrivances  by  which  the 
cledtric  is  put  in  motion. 

3.  The  cufhion  and  it's  appendages. 

4.  The  conductor  or  condu&ors. 

Fig.  1  and  2,  plate  I.  reprefent  two  elecftrical 
machines  made  on  the  moft  approved  conftruc- 
tion.  They  are  both  mounted  and  ufed  in  the 
fame  manner,  and  differ  only  in  the  mechanifm 
by  which  the  cylinder  is  put  in/motion. 

The  cylinder  of  the  machine,  fig.  2.  is  turned 
round  by  means  of  the  two  wheels  ab,  cd> 
which  adl  on  each  other  by  a  catgut  band,  part 
of  which  is  feen  at  e  and  f. 

The  cylinder  of  the  machine,  which  is  repre- 
fented  in  fig.  1,  is  put  in  motion  by  a  limple 
winch,  which  is  lefs  complicated  than  the  multi- 
plying wheel,  and  therefore  not  fo  liable  to  be 
out  of  order.  *  Moft  practical  electricians, 
however,  prefer  a  machine  which  is  moved  by  a 
multiplying  wheel,  as  it  fatigues  the  operator 
lefs  than  that  which  is  moved  by  a  fimple  winch ; 
while  at  the  fame  time  a  moderate  increafe  of 

velocity 

*  I  have  lately  improved  the  machines  made  with  a  mul- 
tiplying wheel,  rendered  them  more  durable,  and  not  mora 
liable  to  be  put  out  of  order  than  thofe  which  turn  only 
with  a  winch. 
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velocity  in  the  cylinder  augments  the  momentum 
of  the  ele&ric  fluid,  and  produces  a  greater 
quantity  of  it  in  the  fame  time,  and  thus  pre- 
vents it's  being  abforbed  by  the  culhion.  And 
further,  when  the  machine  is  fixed  to  a  table, 
the  pofition  of  the  lower  multiplying  wheel  is 
more  advantageous  to  the  operator,  giving  him  a 
greater  power  over  the  cylinder  and  fatiguing 
him  lefs ;  it  may  alio  be  turned  with  the  right 
hand,  which  cannot  be  done  conveniently  with 
the  other.  * 

As  the  two  machines,  which  are  reprefepted 
in  fig.  i  and  2,  plate  I.  are  nearly  fimilar,  the 
fame  letters  of  reference  are  ufed  in  defcribing 
them* 

Fig.  i  and  2.  ABC  reprefent  the  bottom 
board  of  the  machine. 

D  and  E,  the  two  perpendicular  iupports, 
which  fuftain  or  carry  the  glafs  cylinder  F  G 
HI. 

The  axis  of  the  cap  K  paffes  through  the  fup- 
port  D ;  on  the  extremity  of  this  axis  either  a 
fimple  winch  is  fitted,  as  in  fig.  r,  or  a  pulley,  as 
in  fig.  2. 

The  axis  of  the  other  cap  runs  in  a  fmall  hole 
which  is  made  in  the  top  of  the  fupport  E. 

OP  is 

*  It  may  be  proper  to  remark,  that  thofe  with  a  funpi* 
winch  are  cheaper  than  thofe  with  a  multiplying  wheel* 


X 
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O  P  is  the  glafs  pillar  to  which  the  cufhion 
is  fixed,  T  a  brafs  fcrew  at  the  bottom  of  this 
pillar,  which  is  to  regulate  the  preflure  of  the 
cufhion  againft  the  cylinder.  This  adj lifting 
fcrew  is  peculiarly  advantageous.  By  it  the  ope- 
rator is  enabled  to  leflcn  or  increafe  gradually 
the  preffure  of  the  cufhion,  which  iteffedts  in  a 
much  neater  manner  than  it  is  poflible  to  do  when 
the  infulating  pillar  is  fixed  on  a  Hiding-board,  a 
method  that  difgraces  the   maker. 

g  h  i  A  piece  of  filk  that  comes  from  the 
under  edge  of  the  cuftiion,  and  lies  on  the 
cylinder,  paffing  between  it  and  the  cufhion,  till 
it  nearly  meets  the  collecting  points  of  the  con- 
ductor. 

On  the  top  of  the  pillar  O  P  is  a  conductor, 
which  is  connected  with  the  cufhion,  which  is 
called  the  negative  conductor.  In  both  figures 
this  conductor  is  fuppofed  to  be  fixed  clofe  to.  the 
cufhion,  and  to  lie  parallel  to  the  glafs  cylinder. 
In  fig.  1,  it  is  brought  forwards,  or  placed  too 
near  the  handle,  in  order  that  more  of  it  may  be 
in  fight,  as  at  R  S ;  in  fig.  2,  the  end  R  S  only 
is  fcen. 

Y  Z,  Fig.  1  and  2,  reprefents  the  pofitive 
prime  conductor,  or  that  which  takes  the  elec- 
tric fluid  immediately  from  the  cylinder,  LM 
the  glafs  pillar  by  which  it  is  fupported  and 
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inful ated,  and  V  X  a  wooden  foot  or  bale  for 
the  glafs  pillar.  In  fig.  i,  this  conductor  is 
placed  in  a  dire&ion  parallel  (which  is  the  bed 
pofition)  to  the  glafs  cylinder;  in  fig- 2,  it  (lands 
at  right  angles  to  the  cylinder  ;  it  may  be  placed 
in  either  pofition  occafionally,  as  is  mod  conve- 
nient to  the  operator.  In  general,  eledkrical  ma- 
chines are  fold  with  a  (ingle  conductor ;  though 
there  are  many  experiments  where  two  arc  con- 
venient, and  from  fome  improvements  I  have 
lately  made  in  the  apparatus,  they  arc  rendered 
exceeding  proper  for  experimental  inquiries* e 

Directions  for   keeping    the  Machine   in 

Order. 

Before  the  ele&rical  machine  is  put  in  mo- 
tion, examine  thofe  parts  which  are  liable  to 
wear  either  from  the  fridtion  of  one  furface 
againft  another,  or  to  be  injured  by  the  dirt,  that 
may  infinuate  itfelf  between  the  rubbing  furfaces : 
fuch  as  the  axes  which  work  in  the  wooden  fup- 
ports  D  E,  and  the  axis  of  the  large  wheel  c  d, 
fig-  2. 

If  any  grating  or  difagreeable  noife  is  heard, 
the  place  from  whence  it  proceeds  muft  be  dif- 
covered,  wiped  clean,  and  rubbed  over  with  a 
fmall  quantity  of  tallow :  a  little  fwect  oil  or 
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tallow  fhould  alfo  be  occafionally  applied  to  the 
axis  of  the  cylinder. 

The  (crews  that  belong  to  the  frame  fhould 
be  examined,  and  if  they  are  loofe,  they  fhould  be 
tightened. 

The  different  working  parts  of  the  machine 
having  been  looked  into,  and  put  in  order,  the 
glafs  cylinder,  and  the  pillars  which  fupport  the 
cufhion  and  conductor,  fhould  be  carefully  wiped, 
to  free  them  from  the  moifture  which  glafs  at- 
tradts  from  the  air,  being  particularly  attentive 
to  leave  no  moifture  on  the  ends  of  the  cylinder, 
as  any  damp  on  thefe  parts  carries  off  the  elec- 
tric fluid,  and  lefTens  the  force  of  the  machine. 

Glafs  pillars  have  been  fometimes  ufed  to  fup- 
port the  cylinder,  but  they  can  be  of  no  ufe, 
unlefs  the  foregoing  circumftance  is  conftantly 
attended  to;  and  if  that  is  obferved,  they  are  fu- 
pcrfluous. 

Take  care  that  no  duft,  loofe  threads,  or  fila- 
ments adhere  to  the  cylinder,  it's  frame,  the  con- 
ductors, or  their  infulating  pillars;  becaufe  thefe 
will  gradually  diflipate  the  eledtric  fluid,  and  pre- 
vent the  machine  from  acting  powerfully. 

Rub  the  glafs  cylinder  firft  with  a  clean,  coarfe, 
dry,  warm  cloth,  or  a  piece  of  wa(h  leather,  and 
then  with  a  piece  of  dry,  warm,  foft  filk ;  do 
the  fame  to  all  the  glafs  infulating  pillars  of  the 
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machine  and  apparatus ;  thcfe  pillars  muft  be 
rubbed  more  lightly  than  the  cylinder,  becaufc 
they  are  varnifhed. 

A  hot  iron  may  in  fomc  cafes  be  placed  on  the 
foot  of  the  conductor,  to  evaporate  the  moifturc 
which  would  othcrwife  injure  the  experiments. 

Of  the  Circumstances  necessary  to  beat- 
tended  to,  in  Order  to  excite  a  large 
Quantity  of  the  Electric  Fluib. 

■ 

In  order  to  find  out  an  eflfe&ual  mode  of  ex- 
citing powerfully  an  electrical  machine,  it  is  nc- 
ceflary  to  frame  fome  idea  of  the  mechaniftn  by 
which  the  cylinder  extra&s  the  eledtric  fluid  from 
the  cufliion,  and  thofe  bodies  which  arc  con- 
nected with  it;  I  have,  therefore,  fubjoined  thofc 
conjeftures  on  which  I  have  worked,  and  by 
which  I  have  been  able  to  excite,  in  the  mod 
powerful  manner,  the  machines  which  have 
pa{Ted  through  my  hands. 

It  appears  to  me,  that  the  refiftance  of  the  air 
is  leflened,  or  a  kind  of  vacuum  is  produced, 
where  the  cuftiion  is  in  clofe  contacft  with  the  cy- 
linder ;  that  the  eledxic  matter,  agreeable  to  the 
law  obferved  by  all  other  claftic  fluids,  is  preffed 
towards  that  part  where  it  finds  leaft  refiftance; 
the  fame  inftant,  therefore,  that  the  cylinder  is 
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feparated  from  the  cufliion,  the  fire  iffues  forth  in 
abundance,  becaufe  the  rfcfiftance  made  to  it  by 
the  a&ion  of  the  atmofphere  is  leflened  at  that 
part ;  a  further  circumftance  is  alfo  to  be  taken 
into  this  hypothefis,  namely,  the  effedt  which  arifes 
from  the  deftru&ion  of  the  attra&ion  or  cohefion 
between  the  cylinder  and  cufliion.  The  more 
perfeft  the  continuity  is  made,  and  the  quicker 
the  folution  of  it,  the  greater  is  the  quantity 
which  will  proceed  from  the  cufliion.  But,  as 
the  fluid  in  this  Gtuation  will  enter  with  avidity 
evqfy  conducing  fubftance  that  is  near  it,  if  any 
amalgam  lies  above  that  part  of  the  cufhion 
which  is  in  contadt  with  the  cylinder,  it  will  ab- 
forb  and  carry  back  part  of  the  ele&ric  fire  to  the 
refervoir  from  whence  it  was  extra&ed. 

If  thefe  conjeflures  be  true,  to  excite  an  elec- 
trical machine  effectually,  we  muft, 

1  ft,  Find  out  thofe  parts  of  the  cufliion  which 
are  prefled  by  the  glafe  cylinder. 

2d,  Apply  the  amalgam  only  to  thofe  parts. 

3d,  Make  the  line  of  contadt  between  the 
cylinder  and  cufliion  as  pcrfedt  as  poflible. 

4th,  Prevent  the  fire  that  is  colle&ed  from 
efcaping. 

About  the  year  1772,  I  applied  a  loofe  flap 
of  leather  to  the  front  of  the  cufliion;  the  amal- 
gam was  fpread  over  the  whole  of  the  flap ; 
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the  cufliion  was  then  put  in  it's  place,  and  the 
loofe  ffcp  of  leather  doubled  down,  or  rather 
"turned  in,  more  or  lefs,  till  by  fucceflivc  expe- 
riments that  fituation  was  difcovered  which  pro- 
duced the  greateft  effedt;  for,  by  this  mean*, 
the  quantity  of  amalgam  a&ing  againft  the 
cylinder  was  Ieflened,  and  the  true  line  of  con- 
tail  in  fome  meafure  afcertained.  Hence  1  was 
naturally  led  to  contrail  the  breadth  of  the 
cufhion,  and  afterwards  to  place  it  in  fiich  a 
manner  that  it  might  be  eaflly  raifed  or  lowered. 

To  find  the  line  of  contact  formal  bi^tkiu 
the  cylinder  and  cufhion,  place  a  line 4'6f  Whit- 
ing, which  has  been  previbufly  diflblved  in  fpirits 
of  wine,  on  the  cylinder;  on  turning  this  inbund, 
the  whitirtg  is  depofited  on  the  cufhfth,  and 
marks  thofe  parts  of  it  which  bear  or  rub  againft 
The  cylinder.  The  amalgam  is  to  be  put  on 
thofe  parts  only,  which  are  thus  marked  by  the 
whiting:  this  line  may  alfo  be  afcertaified,  by 
obferving  the  parts  of  the  cufhion  which  "gather 
the  dull  from  the  cylinder,  and  layiAg  the 
amalgam  only  on  thofe  parts. 

The  line  of  contact  being  found,  attd  the 
amalgam  placed  on  it,  the  cylinder  is  to  be 
rubbed  with  a  piece  of  leather  which' is  C6Ver- 
ed  with  amalgam,  'which' will  fertder  the  eon- 
taft  between  the  cylinder   and  cufhion  ttldic 
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perfett,  becaofe  it  fills  the  fmaller  pores  of  the 
glafs  with  amalgam,  and  depofits  the  fuperfluous 
particles  on  the  cufliion  ;  it  is  alfo  probable  that 
the  amalgam,  thus  depofited  on  the  furface  of 
the  glafs,  forms  a  continued  feries  of  condufting 
particles,  which  carry  the  fire  to  the  prime  con- 
dudor,  and  wrill  confequently,  under  certain  cir- 
cumftances,  carry  it  back  again  to  the  cufhion. 
When  the  cylinder  is  rubbed  with  the  amalga- 
mated leather,  that  part  of  the  oil,*  or  black  flit, 
which  lies  above  the  cufhion,  is  to  be  turned 
back;  and  if,  by  accident,  any  particles  of  amal- 
gam flick  to  it,  they  muft  be  wiped  off  carefully. 
If  the  machine  has  not  been  ufed  for  fome  time, 
it  wiirbe  proper  to  place  it,  for  a  few  minutes, 
before  a  fire,  and  to  take  off  the  cufliion  and:diy 
the  filk  thereof. 

If  the  eleftricity  of  the  cylinder  grows  left 
powerful,  it  is  eafily  renewed  by  turning  back  the 
filk  which  lies  over  it,  and  then  rubbing  the 
cylinder  with  '  the  amalgamated  leather,  or  by 
occafionally  altering  the  preffure  of  the  adjufling 
fcrew. 

A  very  finall  quantity  of  tallow .  placed  over 
the  amalgam,  is  bbferved  to  give  more  force  to 
the  eledtxic  powers  of  the  cylinder;  the  fame  end 
is  anfwered  by  rubbing  the  cylinder  with  a 
coaxfe  cloth  that  has  been  greafed  a  little,  arid 
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afterwards  wiping  the   cylinder   with    a    clean 
cloth. 


Experiment  vi  i.— When  the  cylinder  is  put 
into  good  a&ion,  a  number  of  circular  lines  of 
fire  will  iffue  from  the  cufhion ;  prefent  a  row  of 
metallic  points  towards  thefe,  and  they  will  dis- 
appear. This  experiment  (hews*  the  conducing 
fubftance  coltedts  the  ele&ric  fluid  before  it  can 
take  thofe  appearances,  or  be  diffipated  into  the 
air. 

Hence  we  learn,  that  to  prevent  a  lt>fs  of  the 
eledtric  fluid  which  is  excited,  we  muft  prevent 
the  air  from  adting  on  the  fluid,  which  is  put  in 
motion  by  the  excitation ;  becaufc  the  air  not 
only  refills  the  emiflion  of  the  fluid,  but  alio 
diflipates  what  is  colledcd  on  account  of  the  con- 
ducing fubftances,  which  are  continually  floating 
iii  it. 

Thefe  ends  are  effe&ually  anfwered  by  letting 
a  non-condu<5ting  fubftance,  as  a  piece  of  black 
or  oiled  filk,  proceed  from  the  line  of  conta&  to 
the  collecting  points  of  the  prime  conduftor,  and 
placing  thefe  points  within  it's  atmofphere.  The 
ftreams  of  fire,  which  proceed  from  the  cufhion 
over  the  cylinder,  fliew  whether  the  cufhion 
bears  uniformly  againft  the  cylinder;  for  they  ait 
molt  copious  and  denfe  at  thofe  parts  where  the 
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preffure  is  greateft,  but  are  uniformly  denfc,  when 
the  preffure  is  equable. 

When  the  zinc  amalgam  is  ufed,  the  filk  will 
fometimes  adhere  fo  ftrongly  to  the  cylinder  as 
to  render  it  very  difficult  to  turn  ;  to  obviate  this, 
wipe  the  filk  perfectly  clean,  and  then  rub  it  over 
with  a  very  fmall  quantity  of  aurum  mufivum,  or 
a  littl  e  whiting. 

The  operator  ought  not  to  think  his  machine 
in  good  order  till  it  pours  forth  the  fire  in  great 
abundance,  and  ftrong  denfe  fparks  are  obtained 
in  quick  fucceflion  from  the  conductor.  When 
the  conductor  is  removed,  the  fire  fhould  fparkle 
round  the  cylinder,  and  throw  out  many  beauti- 
ful brufhes  of  light. 

Two  kinds  of  amalgam  are  much  in  requeft 
at  prefent.  One  is  made  of  quickfilver  five 
parts,  zinc  one  part,  which  are  melted  together 
with  a  fmall  quantity  of  bees-wax :  the  other  is 
the  aurum  mufivum  of  the  {hops.  I  find  it  diffi- 
cult, after  many  trials,  to  fay  which  of  thefe  zSt 
the  beft.  To  mike  either  amalgam  adhere  clofely 
to  the  filk,  it  is  neceffary  to  greafe  it,  wipe  off  the 
fuperfluous  greafe,  and  then  fpread  the  amalgam. 

The  following  experiment  illuftrates  and  con- 
firms the  foregoing  conjedtures  on  the  mechanifm 
by  which  the  fluid  is  cxtrafted  from  the  cufhion, 
and  thofe  bodies  which  are  connected  with  it.  . 

Expb- 
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Experiment  viii. — Break  a  flick  of fealing  wax 
in  two  pieces ;  thofe  extremities  that  were  con- 
tiguous will  be  found  electrified  with  contrary 
powers ;  one  will  be  pofitively,  the  other  nega- 
tively, cledrificd. 

Experiment  ix. — Put  the  machine  in  a&iotv 
conned  the  cufhion  by  a  chain  with  the  ground, 
and  thofe  bodies  which  communicate  with  the 
pofitive  conductor  will  be  electrified  pofitively. 
Conneft  the  pofitive  condu&or  with  the  earth  bj 
a  chain,  take  off  the  chain  from  the  cUihion*  and 
thofe  bodies  which  communicate  with  the  cufhion 
or  negative  conductor  will  be  electrified  nega- 
tively. 

Experiment  x. — Conned  the  pofitive  con- 
ductor by  a  chain  with  the  table ;  turn  the  cylin- 
der, and  the  cufhion  will  be  found  to  be  nega- 
tively elearified.  Take  the  chain  off  from  the 
pofitive  conductor,  and  both  will  exhibit  figw 
of  electricity;  but  any  elc&rified  body,  which  is 
attracted  by  the  one,  will  be  repelled  by  the  other. 
If  they  are  brought  fufficiently  near  to  each  other, 
fparks  will  pafs  between  them,  and  they  will  z& 
on  each  other  ftronger  than  on  any  other  bodies. 
If  they  are  connected  together,  the  electricity  of 
the  one  will  deftroy  that  of  the  other ;  for  though 
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the  fire  feems  to  proceed  from  the  cufhion  to  the 
conductor,  the  two,  when  thus  conjoined,  will 
exhibit  no  figns  of  eledlricity,  becaufe  the  fire  is 
continually  circulating  from  one  to  the  other,  and 
is  therefore  kept  always  in  the  fame  ftate. 

We  fee,  by  this  experiment,  that  ele&ric  ap- 
pearances are  produced  both  in  the  cle&ric  which 
is  excited,  and  the  fubftance  by  which  it  is  ex- 
cited, provided  that  fubftance  be  infulated  ;  but 
their  ele&ric  powers  are  dircftly  reverie  of  each 
other,  and  may  be  diftinguifhed  by  oppofitc 
cfFefts. 

Experiment  xi.— If  the  cufhion  and  the  con- 
duflor  are  both  infulated,  it  is  obferved,  that  the 
kfs  eledxic  fluid  is  obtained,  the  more  perfeft 
the  infulation  is  made. 

The  moifture  which  is  at  all  times  floating  in 
the  air,  together  with  the  fmall  points,  from, 
which  it  is  impoflible  totally  to  free  the  cufhion, 
do  not  permit  it  to  be  perfe&ly  infulated,  fo  as 
to  afford  no  fupply  of  eledxic  matter  to  the 
cufhion. 

If  the  air,  and  other  parts  of  the  apparatus,  are 
v^ry  dry,  little  or  no  ele&ricity  will  be  produced 
in  the  above-mentioned  circumftances. 

From  this  experiment  it  is  inferred,  that  the 
elc&ric  powers  do  not  exift  in  the  elc&rics  them- 
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felves,  but  are  produced  from  the  earth  by  the 
excitation  of  cledrics ;  or  that  the  eledxic  matter 
on  the  prime  condu&or  is  not  produced  by  the 
friftion  of  the  cylinder  againft  thecufhion,  but  is 
col  led  ed  by  that  operation  from  it,  and  from 
thofe  bodies  which  are  conne&ed  with  it. 

As  Dr.  Franklin  fecms  to  have  fuggefted  4b 
idea  firft  that  the  eie&ric  fluid  is  colle&ed  fan 
the  earth,  I  have  fubjoined  his  own  account  of  die 
experiment  which  led  him  to  this  eonclufioD* 

Experiment  xii. — Let  one  perfbn  (land  on 
wax  (or  be  infulated)  and  rub  a  glafs  tube,  and  let 
another  pcrfon  on  wax  take  the  fire  from  the  firft, 
they  will  both  of  them  (provided  they  do  not  ft  and 
fo  near  as  to  touch  each  other)  appear  to  be 
eledtrified  to  a  pcrfon  (landing  on  the  floor;  thai 
is,  he  will  perceive  a  fpark  on  approaching 
either  of  them  with  his  knuckle. 

2.  But  if  the  pcrfons  on  wax  touch  one  another 
during  the  excitation  of  the  tube,  neither  of  them 
will  appear  to  be  ele&rified. 

3.  If  they  touch  one  another  after  the  exciting 
the  tube,  and  draw  the  fire  as  aforefaid,  there  will 
be  a  ftronger  fpark  between  them,  than  was  be- 
tween either  of  them  and  the  perfbn  on  the 
floor. 
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4.  After  fuch  a  ftrong  fpark  neither  of  them 
difcover  any  electricity. 

Thefe  appearances  he  accounts  for  thus:  he 
fuppofes  the  ele&ric  fire  is  a  common  element; 
of  which  each  of  the  three  perfons  has  his  equal 
ihare  before  any  operation  is  begun  with  the 
lube. 

A,  who  (lands  upon  wax  and  rubs  the  tube, 
collects  the  eledrical  fire  from  him£elf  into  the 
glafs,  and  his  communication  with  the  common 
flock  being  cut  off  by  the  wax,  his  body  is  not 
again  immediately  fupplied. 

B,  who  alio  (lands  upon  wax,  pa  fling  his 
knuckle  along  the  tube,  receives  the  fire  which 
was  collected  from  A,  and  being  infulated  he 
retains  tins  additional  quantity. 

To  C  both  appear  eleftrified;  for  he,  having 
only  the  middle  quantity  of  ele&rical  fire,  receives 
a  fpark  on  approaching  B,  who  has  an  over  quan- 
tity, but  gives  one  to  A,  who  has  an  under 
quantity. 

If  A  and  B  approach  to  touch  each  other,  the 
fpark  is  ftronger,  becaufe  the  difference  between 
them  is  greater.  After  this  touch  there  is  no  fpark 
between  either  of  them  and  C,  becaufe  the 
electrical  fluid  in  all  is  reduced  to  the  original 
equality.  If  they  touch  while  electrifying,  the 
equality    is  never  deftroyed,   the  fire  is  only 
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circulating :  hence  we  fay,  that  B  is  electrified 
pofitively,  A  negatively. 

As  thofe  experiments  have  been  defcribed, 
which  are  the  foundation  of  our  prefent  know- 
ledge in  electricity,  I  hope  it  will  not  be  deemed 
improper  to  introduce  in  this  place  thole  hypo- 
thefes  which  have  been  built  on  them. 

Dr.  Franklin's  hypotheiis  depends  on,  and 
may  be  reduced  to,  the  following  principles. 

i.  That  the  atmofphere  and  all  terreftrial 
fubftances  are  full  of  electric  matter. 

2.  That  the  operations  of  ele<5iricity  depend 
on  one  fluid  sui  generis,  extremely  fubde and 
elaftic. 

3 .  Glafs  and  other  ele&ric  fubftances,  though 
they  contain  a  great  deal  of  elc&ric  matter,  arc 

IMPERMEABLE  tO  it. 

4.  That  the  electric  matter  violently  repels 
itfelf,  and  attracts  all  other  matter. 

5.  That  conducting  fubftances  are  permeabk 
to  the  eledtric  matter  through  their  whole  fub- 
ftance,  and  do  not  conduft  merely  over  their 
fur  face. 

6.  Pofitive  eledtricity  is  when  a  body  has 
more  than  it's  natural  fhare  of  the  cleftric 
fluid,  and  negative  electricity  when  it  has  Ids 
than  it's  natural  (hare. 
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The  following  hypothefis  is  extracted  from 
the  analyfis  of  a  courfe  of  leCtures  by  Mr, 
At  wood,  to  which,  and  Mr.  Eeles's  philofo- 
phic^l  c flays,  I  mud  refer  the  reader  for  a  fuller 
account  of  it ;  in  the  courfe  of  this  cflay  man/ 
obfervations  will  occur,  which  tend  to  confirm 
this,  and  refute  the  foregoing  hypothefis. 

HYPOTHESIS, 

1.  That  two  eledtric  powers  cxift  together 
in  all  bodies. 

2.  Since  they  counteract  each  other  when 
united,  they  can  be  made  evident  to  the  fenfes 
only  by  their  feparation. 

3.  The  two  powers  are  feparated  in  non- 
ele&rics  by  the  excitation  of  electrics,  or  by 
fht  application  of  excited  ele&rics. 

4.  The  powers  cannot  be  feparated  in  eleftric 
lubftances. 

5.  The  two   electricities  attnuft   each  other 
ftrongly  through  the  fubftance  of  eledtrics. 

6.  Eledtric  fubftances  are  impervious  to  the 
two  electricities. 

7.  Either  power,  when  applied  to  an  unelec- 
trified  body,  repels  the  power  of  the  fame  fortf 
find  attracts  the  contrary  power. 

A  Description 
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A  Description  of  some  Parts  op  the  Electric 
Apparatus,  which  could  not  be  regularly 
introduced  in  the  body  of  the  work. 

Tig.  i,  plate  II.  rcprcfents  a  common  difchaig- 
ingrod ;  it  is  generally  made  of  brafs  wire,  with 
a  ball  at  each  of  it's  ends.  To  difcharge  a  Leydca 
bottle  with  it,  hold  the  femicircular  part  in  the 
hand,  place  one  ball  of  the  difcharging  rod  on  the 
coating  of  the  phial,  then  bring  the  other  to 
touch  the  knob  of  the  wire  which  communicates 
with  the  in  fide,  when  an  explofion  will  mftr, 
and  the  phial  will  be  difcharged. 

Fig.  2,  plate  II.  is  a  jointed  difcharging  joJ 
with  a  glafs  handle,  the  legs  of  which  may  be 
moved,  and  fet  to  any  given  diAancc  from  each 
other  by  means  of  the  joint  C ;  the  extremities 
of  the  legs  are  pointed,  the  points  enter  into 
the  balls  a,  b,  which  fcrew  on  the  legs,  and 
from  which  they  may  be  unferewed  at  ptea/iirc; 
fo  that  cither  the  balls  or  the  points  may  be  ufd 
as  cccafion  requires. 

Fig-  3>  pl«e  II.  reprefents  the  univerfal  dit 
charger  ;  an  inftrument  which  is  of  very  cxtcn- 
five  ufe  in  forming  communications  to  direQ  or 
convey  the  ele&ric  fhock  through  any  part  ofa 
given  fubftance.  Many  examples  of  the  utilhy 
of  this  inftrument  will  occur  in  the  courfeof  this 

cflay. 
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cflay.  When  the  univexfal  difchatfger  is  made  on 
a  large  fcale,  it  is  a  convenient  apparatus  to  e&abfef 
a  perfon  to  ele&rify  himfetf ;  fee  fig.  87. 

A  B.  fig*  3,  is  the  bafe  of  the  univerfal  di£* 
charger ;  on  this  are  fixed  two  perpendicular  glaft 
pillars  C,  D;  on  the  top  of  each  of  thefe  itf 
cemented  a  brafs  cap,  to  which  is  Axed  a  double 
joint,  or  one  which  has  both  a  vertical  and  hori- 
zontal motion ;  on  the  top  of  each  joint  is  a  fpringj 
tube  which  receives  the  wires  E  T,  EF;  thefe 
wires  may  be  fet  at  various  diftances  from  each: 
other,  and  turned  in  any  direction ;  the  extrc* 
mities  of  the  wires  are  pointed,  the  points  are 
covered  occafionally  by  the  brafs  baflli,  which  arc? 
made  to  fit  on  the  wires  by  fpring  fockets :  G  H 
is  a  fmall  wooden  table,  on  the  finface  of  which 
a  flip  of  ivory  is  inlaid ;  this  table  is  furnifhed 
with  a  cylindrical  ftem,  which  fits  into  a  cavity 
of  the  pillar  I ;  it  may  be  raifed  occafionally  to 
various  heights,  and  fixed  at  any  one  of  them  by 

the  fcrew  K. 

Fig.  4,  plate "II.  is  a  little  wooden  prefs,  fur- 

nifhed  with  a  ftem,  which  fits  the  cavity  in  the 

pillar  I,  fig.  3,  into  which  it  is  to  be  placed 

occafionally,  when  the  table  G  H  is  removed* 

The   prtts  coftfift*  of  two  boards,  which  are 

brought  clofe  to  each  other  by  means  of  the 

fcrews  a  a* 

Fig. 


i 


48  An  Essay  on 

Fig.  5,  plate  II.  is  Mr.  Kinnerfley's  elec- 
trical air  thermometer ;  a  b  is  a  glafs  tube,  on 
each  end  of  which  a  brafs  cap  is  cemented ;  c  d 
is  a  fmall  glafs  tube,  open  at  both  ends,  which 
paflcs  through  the  upper,  and  defcends  nearly  to 
the  under  plate :  a  box  fcale,  which  is  divided 
into  inches  and  tenths  of  inches,  is  fitted  to  the 
upper  part  of  this  tube;  g  is  a  brafs  wire  witht 
ball  on  it,  which  is  fcrewed  to  the  under  pht^ 
a  fimilar  wire  f  h  is  made  to  pafs  through  a  collar 
of  leathers  on  the  upper  plate,  and  may  be  phced 
at  any  convenient  diftance  from  the  lower  wire. 

Efoftricians  have  long  wifhed  for  an  inftre- 
ment  which  would  afcertain,  in  an  cxm£t  and 
invariable  manner,  the  degree  of  electricity 
excited  when  any  experiment  is  made.  For  this 
purpofe  a  great  many  contrivances  have  been 
propofed  and  executed,  which,  upon  trial,  arc 
all  found  to  be  very  defective. 

An  ele&rometer  ought  to  have  the  following 
properties, 

i.  It  fhould  be  fimple  in  it's  conftru&on,  and 
not  compofed  of  many  parts. 

2.  It  (hould  not  be  effeQed  by  the  variations 
of  the  atmofphere. 

3.  It  fliould  indicate  fmall  as  well  as  large 
degrees  of  electricity. 
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4.  Not  to  be  adjufted  to  any  fixed  mea- 
fure. 

5.  The  ele&ic  power  (hould  be  exprefled 
by  a  fixed  and  invariable  force,  as  that  of 
gravity.  L 

6.  That  the  obferver  be  enabled  to  read  off 
the  divifiogt  at  a  diftance,  which  will  prevent 
his  weakening  the  influence  of  the  ek&ric 
powers. 

Plate  II.   fig.   6,   reprefents  the   quadrant 
rledlrometer,  the  moft  ufefiil  inftrument  of  the 
kind  yet   difcovered,   as    well    for  meafuring 
lie  degree  of  ele&ricity  of  any  body,  as  to 
ifcertain  the  quantity  of  a  chaige  before  an  ex- 
Jofion ;  and   to   difcovcr  the  exaft  time  the 
dle&ricity  of  a  jar  changes,  when  without  making 
A  explofion,  it  is  difcharged  by   giving  it  a 
quantity  of  the  contrary  ele&ricity.    The  pillar 
Li  M  is  generally  made  of  wood,  the  graduated* 
nth  NOP  of  ivory,  the  rod  R  S  is  made  of  very 
ight  wood,   with  a  pith  ball  at  the  extremity ; 
t  turns  upon  the  center  of  the  femicircle,  fo  as 
ilway*  t9  keep  near  it's  furface  ;  the  extremity 
>f  the  flem  h  M  may  either  be  fitted  to  the 
pndu&or  or  the  knob  of  a  jar.    When  the  ap- 
paratus is  ele&rified,  the  rod  is  repelled  by  the 
tern,  and  moves  along  the  graduated  arch  of  the 
bgicircle,  fo  as  to  mark  the  degree  to  which 

G  the 
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the    conduftor  is  de&rified,  or  the  height  to 
which  the  charge  of  the  jar  is  advanced. 

Beccaria  recommends  fixing  the  index  between 
two  fcmicircles,  becaofe  when  it  is  placed  over 
one  only,  the  ele&ricity  of  this  repels  and 
tfcra&s  the  motion  of  the  index.  Other  i*n| 
yncnts  and  variations  have  been  mad*  i 
inftrument,  which  will  be  defcribed  hercaib 

Plate  IL  fig.  9,  is  an  electrometer 
Was  contrived  many  years  fince  by  Mr.  Tomrftt), 
to  afcertain  the  real  force  of  theeleAric  trjkfim 
a  b  is  a  fmall  ivory  plate,  c  a  loofe  cdfte  tf  ivVf 
to  be  placed  On  the  plate  a  b,  e  f  g,  a  circle  wfckb 
turns  freely  on  two  centres,  ah  arm,  df  tff  #Obi 
proceeds  from  this  circle  and  lies  oh  the  COM  of 
ivory.  The  diffcharge  is  made  to  pafi  tiridar  ilia 
cone  which  throws  up  the  arm  d,  thfe  elevitioi 
of  which  is  marked  by  the  index  h  ;  a  piece  of 
filk  firing  is  fixed  at  one  end  to  the  bottom  IxttnJ 
&  i,  and  pafles  over  the  wheel ;  a  weight  If  is  tied 
% o  the  other  end  to  regulate  the  fridfoi  of  the 
circle  e  f  g. 

Fig.  8  i$  an  infulating  ftool ;  the  (feet  are  of 
glafs.  When  it  is  ufed,  the  in  filiation  will  be 
rendered  more  perfe<5t  by  placing  a  fheet  of  ph 
per  wpll  dried  upder  the  feet  of  the  ftool. 


CHAR 


£>L  t  C  T  It  t.C  I  t  y.  $x 


C  «    A    P.     lit 

The  Pkopjrtie^of  Ei^ictric  Attraction  And 
.Repulsion,  illustrated  by  Experiments  on 
light  Bodies* 

NATURAL  philofophers  were  originally 
incited  to  confidcr  the  nature  of  eledlricity 
from  it's  ftrong  attra&ive  and  repulfive  powers* 
.The  phenomena  exhibited  by  thofe  myfterious 
properties  a?e  So  various  and  fo  pleafing,  that 
they  were  led,  as  by  enchantment,  to  purfue  the 
:  jfubjeft ;  and  have  been  richly  rewarded  by  the 
difcoveries,  which  are  both  intending  and 
?  important. 

The  powers  of  genius  have  been  exerted  with 
.induftriqus  ardour,  to  iRveftigate  the  caufes  of 
thofe  properties ;  but  they  are  dill  involved  in 
dpep  ohfeurity,  and  we  are  ftili  totally  ignorant 
of  that  mechanifm  by  which  light  bodies,  when 
ejedrified,  approach  to  or  recede  from  each  other* 
To  enter  into  a  difcuflion  of  the  difficulties* 
w,hiph(  perplex  this  fubjeft,  would  lead  me  too 

G  2  far 

•  «  Qui  pourroit  concevoir  qu'un  corps  agit  §u  il  nUjt 
'< p*s ;  £|ns.4uci|n  urteqqtde  f  Dfiu  pHtticuks  de matUre 
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far  from  the  defign  of  this  eflay ;  I  fhslt,  there. 
fore,  proceed  to  date  thofe  general  properties 
or  modes  of  adion,  which  are  obferved  in  define 
attraction  and  repulfion,  and  then  defcribe  At 
experiments  from  which  thofe  properties  hue 
been  deduced,  or  by  which  they  are  iOuftsatBi 

General  Properties  of  Electrical  Attrac- 
tion and  Repulsion* 

i  .  The  ele&ric  fluid,  when  in  a&io6,  dUpofe 
or  places  light  bodies  in  fuch  manner  as  will  bet 
facilitate  it's  tranfmiffion  through  them,  with  tk 
greateft:  velocity  ;  and  this  in  proportion  to  tk 
gravity  of  the  body,  it's  conducting  power,  ant 
theflateoftheair. 

2.   Bodies  that  arc  ele&rified  pofitively  repd 
each  other. 

3.  Bodies  eleflrified  negatively  repel  etch 
other. 

4.  Bodies  eledtrified  by  contrary  powetf 
attradl  each  other  ftrongly. 

5.  Bodies  that  are  ele&rified,  attraft  thofe 
fubftances  which  are  not  ele<ftrificd. 

6.Ttwfc 

» 

«<  font  a  cent  milles  licucs,  ou  a  cent  raillieme*  parties  d\m 
c<  lignc  de  diflance  Tun  de  V  autre,  fans  aucune  common* 
«<  cation  matericlle  entrelles,  et  a  l'ocafion  de  Tune  1'autxt 
"  fe  mouvroit !  J  '•  Dc  Luc.    Lcttres  Phyfujuea,  Ac. 
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6.  Thofe  fubftanccs  that  tit  brought  within  the 
influence  of  de&rified  bodies,  become  pofiefied  of 
1  contrary  elc&ricity ;  or  ele&rified  fubftanccs, 
without  parting  with  their  own  ele&ricityy  ad 
upon  other  bodies  in  their  neighbourhood,  pro. 
during  in  them  an  ele&ricity  which  is  contrary 
to  their  own ;  or  bodies  which  are  immerged  in 
an  ete&ric  atmofphere  always  become  pofiefied 
of  an  ele&ricity  contrary  to  that  of  the  body  in 
whofe  atmofphere  they  are  immerged. 

The  experiments  defcribed  in  this  chapter  are 
fimple,  ealily  performed,  and  certain  in  their 
rcfults;  and,  though  they  may  at  firft  fight 
ippear  to  be  trifling,  yet,  on  an  attentive  exami- 
nation, they  will  be  found  of  confideiable  import- 
ance, as  they  afford  a  clue  to  inveftigate  and 
explain  a  variety  of  ele&ric  phsenomena,  and 
rxhibit,  in  a  ftrong  point  of  view,  fome  of  the 
:ontrary  effects  of  negative  and  pofitive  elec- 
tricity. 

Thefe  experiments  may  all  be  made  with  a 
"mall  and  portable  apparatus ;  confifting  generally 
>f  two  brafs  tubes,  as  A  and  B,  fig.  22 ;  each  of 
hefe  is  fupported  on  a  glafs  pillar  G,  which 
crews  into  a  wooden  foot  H  f  a  pair  of  fmall  pith 
»lls  fufpended  on  linen  threads,  as  I,  K,  fit 
ipon  each  tube  by  means  of  a  fmall  brafs  ring; 
heft  tubes,  with  a  piece  of  fcaling-wax  or  a  glafi 

tube, 
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*tibe,  *re  fafficirttto  flliHhtUfc  the  greater  .part 
-tof  Ac  experiments  m  fhfe  ehaptor,  as  well  *s 
Tome  of  the  principal  {phenomena  in  eie&ricity. 

Theapparato*  will  be  rendered  more  complete, 
-when  it  corifift*  6f  four  bnfft  tubes  with  tMr 
tfhmfls. 

Mr.  Wilfon,  in  amiftcrly  tmdt  w  'this  ftfe- 
jeft,  entitled,  "  A  feort  View  *f  meftrieitpr 
has,  with  a  fimilar  apparatus,  explained  and 
illuft rated  alL  it's  general  principles. 

^PERtMEtfT  ^nir— Tottdiapairofinfulated 
*pkh  balls  with  an  rxciteft  glafs  tube,  the/  WH1 
"become  etettrified,  and  will  feparate  from  eiA 
dther ; '  the*  baHs  are  fcleftrtfied  pofiti  vely,  and  "Ac 
"therefore  attracted  t*y  excited  wax,  and  repeHAi 
*by  excited  glafs. 

As  thofe ■ ligHt  fhbftances,  which  poffefs  Hie 
Tame  eleftric  power,  repel  each  trther;  wecah 
eafily  difcover  whether  they  are  ele<5lrified  pofi- 
ti vely  or  negatively,  by  prefenting  an  excited  ftick 
t>f  fealing^wax  or  glafs  to  them.  If  they  are  at- 
tracted by  the  glafs  they  are  negatively,  if  rcpelldl 
by  it  they  are  pofitively  ete&rified  ;  on  the  con- 
trary, if  repelled  by  the  excited  wax,  they  are 
negative,  ifattrafted,  pofitive. 

In  afceruining    the  nature  of  the  eledhic  ' 

5  powers, 
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p»Mrs>  wc  rtiuft  amid  bringing  the  bsdies  to 
be  tried  near  each  ether  fuddenly;  or  one  with 
i  ftrong  ele&ricity  near  another  which  is  weakly 
(*;  a»  it  may  render  the  exptrirrienr  doubtful*  by 
attracting  and  not  repelling  the  light  body. 

Expert  mentxtv. — .Hold  anescked  glafs  tube 
OVW  one  of  the  brafs  tubes,  but  at  fome  diftance 
fronr  it,  part  of  the  natural  quantity  of  cle&ricity 
contained  in  the  brafs  tube  will  be  driven  into  th$ 
pith  balls  that  are  annexed  to  ic,  by  the  excited 
glafs,  the  balls  will  diverge  with  pofitive  elec- 
tricity ;  remove  the  excited  glafs,  the  balls  will 
thert  return  to  their  natural  ftate,  and  clofe. 

If  the  excited  glafs  continues  in  it's  place,  the 
balls  will  continue  to  be  repelled ;  for  the  excited 
eledlric  will  always  continue  to  feparate  the 
powers  of  ele&ricity,  or  in  other  words  to  force 
a  quantity  from  the  furface  of  the  tube ;  and  wilt 
alfo  prevent  it's  return,  (b  long  as  it  continues  of 
the  fame  force,  and  acfts  at  the  fame  diftance. 

The  nearer  the  excited  eledlric  is  brought,  the 
greater  is  the  efFeft. 

The  fphere  of  altion  of  an  excited  ele&ric  has 
been  diftinguiftied  into  two  parts,  one  termed  the 
sphere  op  influence,  in  which  the  balls  will 
feparate,  but  clofe  when  the  ele&ric  is  removed ; 
fbpQther  is  called  the  sphere  op  communica- 
tion, 
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TioNt  in  this  the  force  acquired  by  the  tab 
xesminf  after  the  excited  eledxic  is  removed. 

Experiment  xv.— Ele&rify  the  pith  balk  tbt 
are  fufpended  from  the  brafe  tube  A,  fig.  07* 
then  bring  the  end  of  this  tube  in  contact  wak 
the  end  of  the  tube  B,  the  balls  of  which  sit 
un-elcdtrified  ;  the  flock  of  cle&ricity  given  ft 
the  tube  A  will  be  equally  divided  between  ad 
pair  of  balls,  thofe  of  the  rube  B  will  open,  and 
thofe  of  A  will  clofc  a  little. 


Experiment  xvi. — Eledrify  the  tubes  Ami  I 
B,  fig.  27,  equally  and  with  the  fame  power,  p* 
the  ends  of  the  tubes  together,  and  the  diver- 
gence of  the  balls  will  not  be  altered* 

Experiment  xvii. — Eleftrify  the  tubes 
equally,  but  with  the  different  powers,  one 
with  glafs,  the  other  with  wax,  bring  the  end* 
of  the  tubes  in  contaft,  and  the  balls  will  clofe. 

We  learn  from  thefe  experiments,  that  the 
pofitive  and  negative  powers  counteract  each 
other;  whence,  if  both  are  applied  at  the  fame 
time  to  any  body,  the  cleftricity  it  acquires  will 
be  only  the  difference  of  the  two,  and  confe* 
quently  that  of  the  ftrongeft. 

Experiment 
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Experiment  xviii. — Hold  an  excited  glafs 
tube  to  one  of  the  brafs  tubes,  touching  this 
tube  at  the  fame  time  with  your  finger,  part  of 
the  natural  quantity  ofthedcQrical  fluid  refident 
in  it  will  be  forced  by  the  excited  glafs  tube  into 
the  finger ;  remove  at  the  fame  inftant  the  finger 
and  glafs,  and  the  balls  will  remain  negatively 
ele<5t  rifled. 

Experiment  xix. — Place  the  brafs  tubes,  A 
and  B.  fig.  .22,  in  a  ftrait  line  with  their  ends  in 
contadt,  hold  the  excited  glafs  over  the  tube  Af 
part  of  the  elc&ric  fluid  naturally  refident  in  this 
will  be  driven  into  B;  feparate  the  tubes,  the 
balls  of  A  will  be  negative,  and  thofe  of  B  will 
be  in  a  pofitive  ftate  j  bring  them  together  again, 
and  the  balls  will  clofe. 

The  tube  A  was  in  the  foregoing  experiment 
eleftrified  with  the  negative  power,  B  with  the 
pofitive ;  but  when  they  were  brought  together 
the  equilibrium  was  reftored ;  evincing  that  no 
addition  of  eleftric  matter  was  communicated 
to  them  ;  but  that  the  natural  powers  of  elec- 
tricity refident  in  the  tubes  were  feparated  by 
the  atmofphere  of  the  excited  eledtric ;  and 
proving  the  co-existence  of  the  two  powers  in 
every  fubftance.  For  the  ele&ric  fluid,  accord- 
ing to  Mr.  Eeles,  confifts  of  two  elaftic  me- 

H  diums, 
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diums,  which  equally  and  ftrongly  attra&  each 
other,  and  are  attraQed  by  all  other  matter. 
Therefore  when  any  body  is  immerged  in  an  elec- 
tric atmofphere,  this  atmofphere  repels  the  power 
which  is  of  the  fame  kind  in  the  body,  and 
equally  attracts  that  which  is  of  a  different  kind 
in  the  fame  body ;  and  while  thefe  bodies  remain 
immerged  in  this  atmofphere,  the  powers  remain 
feparated,  different  atmofpheres  exifting  and 
acting  at  each  end.  But  when  the  eledric  is 
removed,  the  two  powers  inftantly  join*  and  be 
coming  equal  do  not  exert  any  fenfible  a&ion. 

Experiment  xx. — Infulate  a  long  metallic 
rod,  fufpend  a  pair  of  pith  balls  from  each  end 
of  it,  place  one  of  the  ends  at  about  two  inches 
from  the  prime  conduflor,  the  other  end  as  far 
from  it  as  poffiule,  eledlrify  the  conductor,  and 
the  cledric  fluid  in  the  rod  will  be  driven  to  that 
end  which  is  furtheft  from  the  condu&Dr ;  (b  that 
one  end  will  be  ele&rified  negatively,  the  other 
end  pofitively,  as  will  be  feen  by  the  balls. 

Experiment  xxi, — Apply  a  flick  of  excited 
wax  to  the  tube  D,  fig.  23,  as  at  A,  while  it 
remains  there  the  balls  I  open  with  negative 
electricity ;  raife  the  wax,  as  at  B,  and  the  balls 

will 
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will  clofe ;  raife  it  ftill  higher  to  C,  and  they 
will  open  with  pofitive  ele&ricity. 

Experiment  xxii. — Excited  glafs  held  over 
the  middle  of  the  tube  A,  fig.  24,  forces  fomc 
part  of  the  natural  quantity  of  cle&ricity  of  A 
into  the  balls,  and  fome  part  out  at  the  two  ends 
into  the  air.  During  this  experiment,  the  balls 
of  A  are  repelled  by  glafs,  and  are  therefore  in 
a  pofitive  date ;  but,  after  the  excited  glafs  is 
removed,  they  in  a  very  little  time  change  to 
a  negative  (late,  becaufe  part  of  the  natural 
quantity  had  efcaped  from  the  pointed  ends  into 
the  air,  while  the  glafs  was  held  over  the  tube ; 
but,  when  the  glafs  is  removed,  the  over-charge 
in  the  balls  will  of  courfe  return,  and  diffufe  itfelf 
equally  in  the  tube,  but  as  this  is  not  fufficient 
to  ballance  the  lofs  fuftained,  the  tube,  thread, 
and  balls  muft  be  in  a  negative  ftate.* 

Experiment  xxiii. — Place  three  tubes,  A, 
B*  C,  fig.  25,  in  a  line  near  to,  or  in  contaft 
with,  each  other;  excited  glafs  held  over  A 
forces  out  part  of  the  natural  quantity  of  fluid 
contained  in  A  into  B  and  C ;  feparate  A  from 
B  and  C,  A  will  be  electrified  negatively,  B  and 
C  will  be  in  a  pofitive  ftate.     Put  the  three  tubes  . 

H  2  into 

•  Wilfon's  Short  View  of  Elc&ricity,  p.  7. 
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into  their  former  fituation,  the  equilibrium  will 
be  rcftorcd,  and  the  balls  will  collapfc* 

Experiment  xxiv. — Place  four  tubes,   as  A, 
B,  C,  D:  fi-r.  26,  in  contadt  with  each  other; 

9  9  9  w  * 

excited  glafs  held  over  A  forces  part  of  the  fluid 
contained  in  it  into  B,  the  quantity  received  in 
B  will  force  out  a  certain  portion  from  C  intoD; 
the  moment  before  the  excited  glafs  is  removed 
from  A,  feparatc  B  and  D  from  A  and  C,  after 
which  it  will  be  found,  that  A  and  C  arc  in  2 
negative,  and  B  and  D  in  a  politivc  date.* 

Experiment  xxv. — Excited  glafs  held  at 
about  one  inch  diflance  from  the  end  B,  of  a 
folid  cylinder  of  glafs  B,  D,  fig.  28,  Hate  III. 
which  is  fix  feet  long,  and  about  half  an  inch 
diameter,  will  force  part  of  the  fluid  at  the  end 
B  towards  the  remote  end  D ;  but,  in  doing  this, 
the  natural  quantity  belonging  to  the  glafs  will 
undergo  fcveral  alterations,  which  are  difcovered 
by  the  effect  an  excited  glafs  tube  has  on  a  num- 
ber of  pith  balls,  which  are  fufpended  at  equal 
diftanccs  from  each  other  between  B  and  D  •  in 
a  little  fpace  of  time  the  cleftricity  of  thefe  is 
changed,  thofe  that  were  pofitive  will  become 

negative, 
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negative,  and  thofe  that  were  negative  will  be- 
come pofitive. 

If  the  excited  glafs  is  held  in  contaft  with  the 
end  8,  the  additional  quantity  received  at  B  will, 
in  going  towards  D,  caufe  feveral  alterations  in 
the  denfity  of  the  fluid  in  B  D,  but  thefe  altera- 
tions will  be  converfe  to  the  former,  and  after  a 
little  time  will  alfo  be  reverfed. 

It  may  be  inferred  from  thefe  experiments, 
that  whenever  the  eledtric  fluid  in  any  body  be- 
comes fuddenly  more  denfe  in  any  one  part,  the 
fluid  in  the  neighbouring  parts  will  be  more  rare, 
and   vice  verfa.     Thefe    alternate    changes  of 
rarity  and  denfity  mud,  from  the  nature  of  an 
elaftic  fluid,  continue  to   ofcillate  many  timci 
backwards  and  forwards  before  the  fluid  can  be 
at  reft  •  though,  when  thefe  motions  are  weaken- 
ed to  a  certain  degree,  they  are  imperceptible  to 
the  obfcrver.* 

Moft  of  the  preceding  experiments  may  be 
made  with  cylinders  of  wood  or  glafs  inftead  of 
brafs.  When  glafs  is  ufed  it  muft  be  kept  dry 
and  not  difturbed  by  fri&ion. 

It  is  not  improbable  that  the  attractive  and 
repulfive  motions  of  eledlrified  bodies  are  ow- 
ing to  the  alternate  condenfation  and  dilatation  of 
the  electric  fluid  on  the  furface  of  thefe  bodies, 

as 
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as  they  are  naturally  carried  where  they  meet 
with  the  lead  rcfiftance. 

That  there  is  a  vibratory  motion,  or  ftruggle, 
between  the  ele&ric  fluid,  when  in  aftion,  and 
the  air,  is  evident  from  that  fenfation  which  is 
felt  when  a  ftrongly  excited  ele&ric  is  brought 
near  any  part  of  the  human  body ;  and  is  fuch 
as  would  be  occafioned  by  a  fpider'a  web  drawn 
lightly  along  the  (kin.  This  circumftancc  is 
rendered  more  clear  by  an  experiment  made  by 
Dr.  Prieftley,  in  order  to  difcover  whether  elec- 
tricity was  concerned  in  the  freezing  of  water. 

Experiment  xxvi. — He  placed  two  difhes 
with  water  in  the  open  air  in  the  time  of  a 
fevere  fiipft,  one  of  them  he  kept  ftrongly  elec- 
trified, and  could  obferve  no  difference  in  the 
time  when  it  began  to  freeze,  or  in  the  thicknefi 
of  the  ice  when  it  had  been  frozen  fome  time  ; 
but  he  obferved,  on  each  fide  of  the  eleftrified 
wire,  the  fame  dancing  vapour  which  is  feen 
near  the  furface  of  the  earth  in  a  hot  day,  or  at 
any  time  near  a  body  ftrongly  heated. 
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Experiments  on   the  Attraction  and  Re- 
pulsion  of  excited  sllk  rlbbon. 

Experiment  xxvik — Put  a  black  and  white 

ribbon  together,  and  draw  them  through  the 

fingers ;  by  this  operation  the  white  ribbon  will 

be  eledtrified  politivcly,  the  black  negatively, 

and  will  confequently  attradt  each  other. 

■ 

•  Experiment  xxviii. — Lay  either  of  the 
ribbons  upon  a  quire  of  paper,  and  draw  over  it 
amber,  fealing-wax,  or  any  other  negative  elec- 
tric, the  ribbons  will  be  excited  pofitively. 

If  pofitive  ele&rics  are  drawn  over  the  rib- 
bons, they  will  be  excited  negatively. 

Ex  per  1  ment  xxix. — A  piece  of  flannel  and 
a  black  ribbon  will  excite  as  well  together  as  a 
black  and  white  ribbon. 

Experiment  xxx. — Dry  two  white  (ilk  rib- 
bons at  the  fire,  extend  them  on  any  fmooth 
plane,  draw  the  edge  of  a  (harp  ivory  rule  over 
them ;  while  they  continue  on  the  plane  they  do 
not  feem  to  have  acquired  any  eleflxicity,  yet 
when  taken  up  feparately,  they  are  obferved  to 
be  negatively  electrified,  and  repel  each  other. 

When 
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When  they  are  feparated  from  each  other, 
elcCtric  fparks  are  perceived  between  them,  but 
when  they  are  again  put  on  the  plane,  no  light 
is  perceived  without  a  fecond  fri&ion. 

Experiment  xxxi. — Place  the  ribbons  on  a 

rough  conducting  fubftance,  rub  them  as  before, 

and  they  will,  on  their  reparation,  (hew  contrary 

"*  electricities,  which  will  alfo  difappear  when  they 

are  joined  together* 

If  the  ribbons  are  made  to  repel  each  other 
and  then  joined  together,  and  placed  on  the 
fore-mentioned  rough  fubftance,  they  will  in  a 
few  minutes  be  mutually  attracted ;  the  upper- 
moft  being  pofitively,  the  undermoft  negatively, 
electrified. 

When  two  white  ribbons  receive  their  fric- 
tion on  a  rough  furface,  they  always  acquire 
contrary  electricities ;  the  upper  one  is  ne- 
gatively, the  lower  one  pofitively,  eleCtrified. 

Experiment  xxxii. — When  two  ribbons  are 
made  to  repel  each  other,  draw  the  point  of  a 
needle  lengthways  down  one  of  them,  and  they 
will  rufh  together. 

Experiment  xxxiii. — Bring  an  electrified 
ribbon  near  a  fmall  infulated  metallic  plate,  it 

2  will 


Electricity*  65 

Will  be  attra&ed  but  feebly  ;  bring  a  finger  near 
the  plate,  a  fpark  will  be  obferved  between  them, 
though  both  together  (hew  no  fignsof  ele&ricityj 
on  the  reparation  of  the  ribbon  they  again  appear 
to  be  eledrified,  and  a  fpark  is  perceived  between 
the  plate  and  the  finger. 

Experiment  xxxiV.— Lay  a  humber  of  rib- 
bons of  the  fame  colour  upon  a  fmooth  conducing 
fubftance,  draw  the  ivory  rule  over  them,  take 
them  up  fingly,  and  each  will  give  a  fpark  at  the 
place  where  it  is  feparated  from  the  other ;  the 
laft  will  do  the  fame  with  the  conductor ;  they 
are  all  negatively  electrified.  Take  them  from 
the  plate  together,  they  will  all  cohere  in  one 
mafs,  which  is  negatively  electrified  on  both 
fides. 

ExPERtMENT  xxxv. — Let  them  be  placed  on 
a  rough  conducing  fubftance,  and  then  be 
feparated  fingly,  beginning  with  the  lowermoft, 
fparks  appear  as  before,  but  all  the  ribbons  will 
be  ele&rified  pofitively  except  the  uppermoft. 
If  they  receive  the  fri&ion  upon  the  rough  con- 
ductor, and  are  all  taken  up  at  once,  all  the 
intermediate  ribbons  acquire  the  eledtricity  of  the 
higheft  or  loweft,  according  as  the  feparation  is 
begun  with  the  higheft  or  the  loweft. 

I  The 
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The  Mowing  very  curious  obfervationa  and 
experiments  were  made  by  Mr.  Symmer.  He 
had  been  accuftomed  to  wear  two  pair  of  filk 
ftockingi,  a  black  and  a  white,  when  thcfe  woe 
pulled  off  both  together  no  figns  of  electricity 
appeared ;  but,  on  pulling  off  the  black  ones 
from  the  white,  he  heard  a  fnapping  or  cracking 
Jfapife,  and  in  the  dark  perceived  fparks  between 
them.  To  produce  this  and  die  following  ap- 
pearances in  great  perfection,  it  was  only  necef- 
iary  to  draw  his  hand  feveral  times  backward 
and  forward  over  his  leg  with  the  (locking^  upon 
it. 

When  the  dockings  were  feparated  and  held 
at  a  diftance  from  each  other,  both  of  them 
appeared  to  be  highly  excited ;  the  white  flock- 
ing pofitively,  the  black  negatively.  While  they 
were  kept  at  a  diftance  from  each  other,  both  of 
them  appeared  inflated  to  fuch  a  degree  that  they 
exhibited  the  intire  (hape  of  the  leg;  When  two 
black  or  two  white  dockings  are  held  in  one 
hand,  they  repel  one  another  with  considerable 
force.  When  a  white  and  a  black  docking  are 
prefemed  to  each  other,  they  are  mutually  attrac- 
ted, and  rufh  together,  if  permitted,  with  great 
violence.  As  they  approach  the  inflation  gra- 
.  dually  fubfides,  and  their  attraction  of  foreign 
objeCU  diminiihcs,  but  their  attraction  of  one 

another 
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another  increafes ;  when  they  a&ually  meet,  they 
become  flat  and  joined  clofe  together,  like  fo 
many  folds  of  filk ;  when  feparated  again,  their 
eledtric  virtue  does  not  feem  to  be  in  the  leaft 
impaired  for  having  once  met.  The  fame  ap- 
pearances  will  be  exhibited  by  them  for  a  con- 
siderable time. 

When  the  ftockings  were  fuffered  to  meet, 
they  ftuck  together  with  confiderable  force  t& 
firft  Mr.  Symmer  found  they  required  from  ofte 
to  twelve  ounces  to  feparate  them.  Another 
time  they  raifed  17  ounces.  Getting  the  black 
(lockings  new  dyed,  and  the  white  ones  waflied, 
and  whitened  in  the  fumes  of  new  fulphur,  and 
then  putting  them  one  within  the  other,  with 
the  rough  fides  together,  they  required  three 
pounds  three  ounces  to  feparate  them.  When 
the  white  (locking  was  put  within  the  black  one, 
fo  that  the  outfide  of  the  white  was  contiguous  to 
the  infide  of  the  black,  they  raifed  nine  pounds, 
wanting  a  few  ounces.;  when  the  two  rough 
furfaces  were  together,  they  raifed  fifteen  pounds, 
one  penny  weight  and  a  half.* 

*  The  Rev.  Mr,  Lyons  hae  made  many  curious  expe* 
jiments  on  the  attra&ion  of  ribbons  ;  their  cohcfion,  &c. 
gee  Lyon's  Experiments  and  Obfervatipns  on  Elcftricity. 

1%  CHAP* 
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CHAP.      IV. 

Entertaining  Experiments  by  the  Attrac- 
tion and  Refusion  of  light  Bodies,  with 
some  Remarks  on  Electrical  Attraction. 

JH1  E  W  philofophiqal  fciences  afford  lb  much 
*  entertainment  as  electricity  :  in  it  the  ufeful 
and  agreeable  are  intimately  blended;  and  tfye 

f  philofpphcr,  while  he  is  inveftigating  the  abftrufe 
parts,  is  entertained  by  the  variety  and  beauty 
of  the  experiments,  which  confirm  or  difprov? 
(he  hypothefis  he  wifhes  to  eftablifh, 

Experiment  xxxvi.— Fix  the  end  A  of  the 
wire  A  B,  fig.  10,  in  the  fmall  hole  which  is 
at  the  end  of  the  prime  condu&or ;  turn  the 
cylinder,  and  the  feathers,  which  arc  conne&ed 
with  the  wire  by  linen  threads,  will  feparate 
from  each  other;  the  fibrous  and  downy  parts 
will  become  turgid,  and  expand  ip  a  pleaQng 
manner,  in  a  variety  of  directions. 

Prefent  a  metallic  point,  the  finger,  or  any 
other  conducing  fubftance  to  the  feathers,  the 
downy  parts  thereof  will  immediately  collapfc, 
the  divergence  of  the  feathers  will  ceafc,  and 

thqr 
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they  will  approach  each  other,  and  cling  round 
the  non-ele&ric  body. 

The  feathers  feparate  from  each  other,  and 
tend  towards  unele&rified  bodies,  from  the 
effort  made  by  the  ele<9:ricity  which  is  commu- 
nicated to  them  to  difFufe  itfelf,  and  the  refin- 
ance it  meets  with  from  the  air. 

Experiment  xxxvii.— Fix  the  end  C  of  the 
wire  CD,  fig.  11,  into  the  hole  at  the  end  of 
the  condu&or,  put  the  machine  in  aftion,  and 
the  two  final  1  balls,  c  d,  will  recede  from  each 
other.  Bring  a  conducting  fubftance  within 
the  fphere  of  their  a&ion,  and  they  will  fly 
towards  it;  touch  the  conductor  with  a  non- 
electric, and  they  will  immediately  come  toge- 
ther. 

The  balls  do  not  always  diverge  fo  much  as 
might  be  expected  from  the  a&ion  of  their  at-# 
mofpheres,  becaufe  they  are  influenced  by  that 
of  the  conductor. 

The  balls,  or  feathers,  will  feparate,  &c.  in 
the  fame  manner,  if  they  are  annexed  to  a  ne- 
gative condu&or, 

Experiment  xxx viii. — Prefent  a  fine  thread 
towards  an  ele&rified  conductor ;  when  it  Is  at  a 
proper  diftance,  it  will  fly  to  wards,  and  flick  to 

the 
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ihe  condu&or,  and  convey  the  ele&ric  fluid  from 
it  to  the  hand  ;  remove  the  thread  to  a  frail 
Pittance  from  the  conductor,  and  it  will  fly 
backwards  and  forwards  with  great  velocity,  and 
in  a  very  pleafing  manner:  prefent  die  fime 
thread  towards  one  that  hangs  from  the  conduc- 
tor, they  will  attiaft  and  join  each  other.  Bring 
a  non-ele&rtc  body,  as  a  brafs  ball,  nearthefe 
threads,  the  ball  will  repel  that  held  by  the  hand, 
and  attract  that  which  is  affixed  to  the  coodu&or ; 
the  upper  thread  renders  the  brafs  ball  negative, 
And  therefore  goes  towards  it ;  while  the  under 
thread,  which  is  alfo  negative,  is  repelled.  Let 
the  ball  be  brought  near  to  the  lower  part  of  die 
junder  one,  and  it  will  be  attra&ed  by  it.  The 
-junction  of  the  threads  arifes  from  the  effort  the 
ele&ric  fluid    makes  to  difilife  itfclf  through 


Experiment  xxxix. — To  the  edge  of  the  brafi 
hoop  bed,  fig.  12,  are  fattened,  at  equal 
difiances  from  each  other,  fix  or  (even  pieces 
of  thread,  about  four  inches  long ;  a  wire  pro- 
ceeds from  the  hoop,  which  fits  into  a  cavity  in 
the  pillar  D ;  z  e  is  a  brafs  wire,  to  one  end  of 
*rhich  are  fattened  feveral  fmall  pieces  of  thread ; 
lit  the  plain  end  of  the  wire  into  the  hole  at  the 
*nd  of  the  conductor,  place  the  hoop,  b  c  d  at 

right 
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right  angles  to  the  wire  z  e,  and  directly  over  the 
threads  at  the  end  z ;  turn  the  cylinder,  and  the 
threads  tied  to  the  hoop  will  be  attra&cd  by 
thofe  which  are  fattened  to  the  wire  z  e,  and  will 
point  towards  each  other  as  fo  many  radii  of  a 
circle.  The  ele&ric  fluid  paflcs  from  the  threads 
of  the  wire  into  thofe  of  the  hoop,  and  thus 
occafions  the  feeming  attra&ion  between  them. 

Place  the  hoop  b  c  d  on  an  infulating  (land* 
and  when  it  is  faturated  with  the  eleQric  matter, 
the  threads  which  are  tied  to  it  will  be  repelled 
by  thofe  of  the  wire ;  touch  the  hoop,  and  they 
will  be  again  attra&ed.  If  the  hand  is  brought 
near  the  threads,  they  will  quit  their  central 
diredion,  and  move  towards  it.  The  ends  of 
the  threads  appear  luminous  in  the  dark. 

Experiment  xl.— Sufpend  the  fmall  metal 
plate  F,  fig.  13,  to  the  conductor  by  the  hook 
H ;  place  the  (land  I  diredtly  under  it,  and  the 
large  plate  G  on  the  top  of  the  ftand  ;  the  upper 
part  of  the  ftand  I  is  moveable,  fo  that  the  diftanco 
of  the  two  plates  from  each  other  may  be  o&» 
caflonally  varied.  .Lay  fmall  paper  images,,  or 
any  other  light  fubflances,  on  the  under  plate, 
then  put  the  machine  in  adion,  and  the  light 
bodies  will  be  attracted  and  repelled  by  each 

Pi** 
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plate,  and  move  from  one  plate  to  the  other 
with  confiderablc  velocity. 

The  light  bodies  placed  on  the  under  plate 
become  poflefled  of  an  elc&ricity  which  is  con- 
trary to  that  of  the  upper  plate,  and  are  there, 
fore  attra&ed  by  it,  and  acquire  the  lame  elec- 
tricity with  it ;  they  are  then  repelled,  and  part 
with  this  eleftricity  to  the  ftand,  and  are  again 
in  a  proper  ftate  to  be  attracted  by  the  upper 
plate.  That  tbefe  bodies  cannot  be  attra&cd  by 
the  upper  plate,  till  they  have  acquired  a  power 
contrary  to  it,  or  till  the  equilibrium  of  the  fluid 
in  them  is  difturbed,  will  be  evident  from  the 
following  experiment. 

Experiment  xli. — Remove  the  under  plate 
and  ftand,  hold  in  it's  ftead,  by  one  corner,  a 
pane  of  glafs,  which  has  previoufly  been  made 
very  clean  and  dry ;  now,  as  glafs  does  not  trans- 
mit electricity,  no  contrariety  in  the  ele&ric 
dates  of  the  condu&or  and  the  light  fubftanccs 
can  be  occafioned,  and  therefore  no  attraction  or 
repulfion  is  obferved. 

If  a  finger  is  prcfented  to  the  under  fide  of 
the  glafs  plate,  the  light  bodies  will  be  attracted 
and  repelled :  the  caufe  of  this  will  be  feea 
when  the  nature  of  the  Lcyden  phial  is  ex- 
plained. 

6  Mr. 
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Mr.  Eeles,*  fpc?king  of  this  alternate  attrac- 
tion and  repulfion,  fays,  they  may  be  agreeably 
varied,  by  wetting  firft  the  bead  of  the  paper 
images,  and  when  thefe  are  dry,  wetting  the 
feet. 

"  When  you  dry  the  head  of  one  of  thofe 
images,  the  power  thrown  out  from  the  con- 
du&or,  cannot  enter  the  image  with  the  fame 
€C  facility  with  which  the  contrary  power  from 
"  the  table  enters  at  the  feet,  which  are  not  fo 
"  dry ;  this  will  therefore  afcend  to  the  upper 
"  plate  and  remain  there.  Reverfe  the  expeii* 
"  ment ;  dry  the  feet  and  wet  the  head,  and 
"  the  images  will  fix  themfclves  to  the  tower 
u  plate.  If  the  image  retains  fo  much  more  of 
"  the  attracted  power  as  will  ballance  again  ft 
*  it's  weight,  than  there  is  of  the  contrary  power 
«  which  proceeds  from  the  conductor,  the  image 
€C  will  be  fufpended  between  the  two  plates. 

"  This  may  be  effc&ed  by  making  the  head 
"  of  the  image  broad  and  round,  which  does  not 
"  admit  the  power  coming  out  fo  readily  as  the 
"  feet,  being  (harp,  admit  the  power  going  in ; 
"a  minme  alteration  will  make  the  images 
"dance,  of  remain  fixed  to  one  of  the  plates. 

K  Experiment 

*  Philofophical  Efiays.   Preface,  page  25, 
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Experiment  xlii. — Place  a  fquare  piece  of 
kaf  brafs  orfilver  on  the  under  plate,  hold  this 
parallel  to  the  upper  one,  at  about  five  or  fix 
inches  from  it,  turn  the  machine,  and  the  leaf 
will  then  rife  up  into  a  vertical  fituation,  and 
remain  between  the  two  plates,  without  touching 
either  of  them.  Prefent  a  metal  point  towards 
the  leaf,  and  it  will  immediately  fell  down* 

Experiment  xliii. — Place  a  brafs  ball  at  K, 
fig.  14,  at  the  end  of.  the  conduQor,  and  when 
the  leaf  of  brafs  is  fufpended  between  the  plate 
and  ball,  move  the  plate  round  the  ball,  and 
the  leaf  will  alfo  move  round,  without  touching 
cither  ball  or  plate. 

A  glafs  cylinder  is  occafionally  placed  between 

the  two  metal  plates  F  G,  fig.  13,  to  prevent 

bran,  fand,  or    other    light    fubftanecs,  being 
thrown  off. 

Experiment  xliv. — Place  two  wires  diredtly 
under,  and  parallel  to,  each  other,  fufpend  one 
from  the  condu&or,  let  the  other  communicate 
with  the  table ;  a  light  image  placed  between 
thefe,  will,  when  the  conduftor  is  eledtrified, 
appear  like  a  kind  of  elc3rical  rope  dancer.— See 
%  15- 

Experiment 
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Experiment  xlv, — Cut  a  piece  of  leaf  brats, 
with  an  obtufe  angle  at  ope  end,  and  a  very- 
acute  one  at  the  other,  prefent  the  large  end  ' 
towards  an  clc&rified  conductor,  and  when  the 
leaf  brafs  is  within  it's  atmofphere,  let  it  go ;  it 
will  then  fix  itfelf  to  the  condu&or  by  the  apex 
of  it's  obtufe  angle,  and,  from  it's  continual 
wavering  motion,  will  appear  to  be  animated. 

The  next  experiment  requires  confiderable 
attention  to  make  it  fucceed  ;  as  a  fmall  differ- 
ence in  the  apparatus,  or  in  the  force  of  the  * 
machine,  &c.  will  make  it  fail :  when  it  anfwers, 
it  generally  affords  pleafure  to,  and  excites  admi- 
ration in,  the  fpe&ators. 

Experiment  xlvi. — Fix  the  ring  NOP,  fig. 
16,  to  the  end  of  the  conductor ;  place  the  plate 
G,  fig.  13,  on  it's  ftand  I  under  it,  and  at  a 
little  diftance  from  it,  put  a  very  light  hollow 
glafs  ball  upon  the  plate,  but  within  the  ring  1 
turn  the  cylinder,  and  the  little  ball  will  defcribe 
an  orbit  about  the  ring,  and  turn  at  the  fame 
time  about  it's  own  axis :  the  poles  of  it's  rotation 
are  nearly  at  right  angles  to  the  plane  of  it's 
orbit. 

Experiment  xlvii. — Fig.    17    reprefents   a 
fiaall  fet  of  bells,  the  two  exterior  ones  are  con- 

K  2  netted 
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peded  to  the  wire  V  Y,  by  a  brafs  chain,  the 
middle  bell  and  tip  clappers   are  fufpentk^ 

onfiik. 

Hang  the  bells  on  the  condudor  by  the  hook 
R  $,  let  the  chain  from  the  middle  bell  touch 
the  table,  turn  the  cylinder,  and  the  clappen 
will  fly  continually  from  bell  to  bell,  at  long  at 
the  eledricity  continues 

The  brafs  chain,  which  conne&s  the  two 
exterior  bells  to  the  condudor,  conveys  the 
dedric  fluid  to  them,  which  attra&s  the  clap- 
pers t  thefc,  when  they  have  received  the  elcftric 
fluid,  are  repelled  by  the  exterior  bell,  and  at- 
ira&ed  by  the  middle  one,  on  which  they  depofit 
their  ele&ricity;  they  are  then  again  attraded 
sad  repelled  by  the  outer  bells.  Hold  up,  by  a 
filk  thread,  the  chain  X,  which  proceeds  from 
the  middle  bell,  and  the  ringing  will  ceafe, 
becaufe  it  cannot  convey  the  eledric  fluid  com- 
municated by  the  clappers  to  the  ground* 

Fig.  18  reprefents  a  more  elegant  form  of 
mounting  the  bells.  When  this  is  ufed,  the 
knob  a  (hould  communicate  with  the  con- 
3u6tor. 

Fig.  19  reprefents  another  kind.  In  this  the 
rlapper  is  fufpended  from  the  fly  b  c  d,  the  axis 
jf  the  fly  refts  in  a  fmall  hole  on  the  top  of  the 
jU&  pillar  e  f,  the  upper  part  of  the  axis  moves 

freely 


Electricity.  77 

faeely  in,  and  is  fuppoxted  by,  a  hole  in  the  brafs 
plpce  g.  JkUs  of  different  tones  are  placed  round 
the  board  h  I K.  Remove  the  prime  conductor, 
and  place  this  apparatus  in  it's  ftead  near  the 
cylinder;  when  this  is  in  adion,  it  will  caufe 
the  fly  to  turn  round,  the  clapper  will  ftrike  each 
bell  in  rotation,  and  thus  produce  a  pleafing  and 
harmonious  found. 

Experiment  xlviij, — Take  ten  or  twelve 
pieces  of  thread,  each  about  ten  inches  long,  tie 
them  together  at  the  top  and  the  bottom,  as  in 
fig.  20,  then  fulpend  them  from  the  condu&or » 
the  threads,  when  electrified,  endeavour  to 
recede  from  each  other,  and  the  knot  at  the  bou 
torn  riling  upwards  as  the  repulfion  of  the  thread 
increafes,  will  form  them  into  a  fpheroidal 
figure. 

Experiment  xlix.— Bring  a  downy  feather 
or  lock  of  cotton  near  the  end  of  an  excited  tube, 
or  the  knob  of  a  charged  Leyden  phial,  the 
feather  will  at  firft  fly  towards  the  tube,  but 
when  it  is  faturated  with  the  ele&ric  matter*  it 
will  recede  from  it,  and  may  be  driven  about 
the  room  by  the  excited  tube,  till  it  touches  foipe 
non-condudor,  to  which  it  can  impart  it's 
dedricity.    The  fame  fide  of  the  feather  is  always 

turned 
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turned  towards  the  tube ;  becaufe  the  ele&ricity 
acquired  by  the  feather  is  forced,  by  the  addon 
of  the  tube,  to  that  fide  which  is  fartheft  from 
it,  which  is  therefore  repelled. 

It  is  eafy  to  perceive,  from  this  and  the 
foregoing  experiments,  that  it  is  not  the  mere 
matter  which  is  attraded,  but  that  the  different 
phenomena  are  occafioned  by  the  ftate  of  the 
eledtric  fluid,  in  thofe  fubftances  which  are 
influenced  by  the  machine. 

Experiment  l. — Put  a  pointed  wire  into  one 
of  the  holes  which  are  at  the  end  of  the  conduc- 
tor, hold  a  glafs  tumbler  over  the  point,  then 
ele&rify  the  conductor,  and  turn  the  tumbler 
round,  that  the  whole  interior  furface  may  re- 
ceive the  fluid  from  the  point ;  place  a  few  pith 
balls  on  the  tabic,  and  cover  them  with  this  glafs 
tumbler,  the  balls  will  immediately  begin  to 
leap  up  and  down  as  if  they  were  animated,  and 
will  continue  to  move  for  a  long  time.  See 
fig.  21. 

This  experiment  may  be  agreeably  varied  with 
two  tumblers.  Electrify  the  infide  of  one  pofi- 
tively,  of  the  other  negatively  ;  put  the  balls  in 
one  tumbler,  and  then  bring  the  mouths  of  both 
incontadl,  the  balls  will  pafs  from  one  to  the 

other, 

5 


Electricity.  79 

other,   till  die  contrariety   between  them    it 
deftroyed. 

An  ele&ric  fubftance  contained  between  pa- 
rallel furfaces,  however  difpofed,  is  called  an 
electric  plate* 

Experiment  li. — Eleftrified  fubftances  will 
attract  thofe  which  are  not  ek&rified,  although 
a  thin  eledtric  plate  be  interpofed  between  them. 

Experiment  lii. — Bodies  cle&rified  with 
contrary  powers,  attraft  each  other  ftrongly,  al- 
though an  eledhic  plate  is  interpofed  between 
them :  and  indeed  all  thofe  phenomena,  which 
depend  on  the  influence  of  the  electric  atmo- 
fpheres,  may  be  produced,  although  an  ele&ric  is 
interpofed  between  the  body  and  excited  elec- 
tric. 

To  account  for  any  of  the  phenomena  of 
elevftric  attraction  and  repulfion,  is  very  difficult, 
but  more  fo  to  (hew  why  bodies,  which  are  elec- 
trified with  the  fame  power,  repel  each  other, 
particularly  thofe  which  are  negatively  eledbrified. 
Philofophers  have  invented  various  folutions  of 
0  this  difficulty;  the  following  is  efteemed  the 
beft. 

"  *  To  underftand  why  bodies,  poffefTed  of  the 

fame 

*  Cavallo's  complete  Treatife  of  Ele&ricity,  p.  tio. 
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feme  cledricity,  icpd  each   other,  the  reader 
muft  be  reminded  of  the  following  principle,  to. 
that  the  dedbric  fluid,  proper  to  a  body,  can  be 
neither  augmented  or  diminifhed  on  the  furfice 
of  that  body,  except  the  faid  furface  is  contiguous 
to   an   eledtric,  which  can  acquire  a  contrary 
cle&ricity  at  a  little  diftance ;  from  whore  it 
follows,  that  no  electricity  can  be  delayed  oo 
die  feeing  furfaces  of  two  bodies,  which  arc 
fufficiently  near  each  other,  and  both  pofleffedof 
the   fame  eledricity,  becaufe  the  air  that  lies 
between  them  has  no  liberty  of  acquiring  a  con- 
trary cle&ricity.    This    being    premifed,   the 
explanation  of  clcdric  repulfion  becomes  cafy. 
Suppofe,  for  inftance,  that  two  fmall  bodies  are 
freely  fufpended  by  infulated  threads,  fo  that, 
when  they  are  not  ele&rified,  they  hang  con- 
tiguous to  each  other  :  now  fuppofe  thefe  bodies 
to  be  ele&rificd  pofitively  or  negatively,  and  they 
muft  repel  each  other ;  for  either  the  increafed 
or  diminifhed  quantity  of  the  elc&ric  fluid  in 
thefe    bodies,    will  endeavour  to  diffufc  itfelf 
equally  over  every  part  of  the  furfaces  of  thefe 
bodies,  and  this  endeavour  will  caufe  the  bodies 
to  recede  from  each  other,  fo  that  a  quantity  of 
air    may  be  interpofed  between  their  furfaces 
(ufficient  to  acquire  a  contrary  eleftriciry,  at  a 
little  diftance  from  the  faid  furfaces;  otherwife, 

if 
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if  the  bodies  poffefled  of  the  fame  eleftricity  do 
not  repel  each  other,  fo  that  a  fufficienf  quantity 
of  air  may  be  interpofed  between  their  furfaces, 
the  increafed  quantity  of  eleftric  fluid,  when  the 
bodies  are  eledhified  pofitively,  or  the  remnant  of 
it,  when  they  are  eledtrified  negatively,  cannot 
be  diffufed  equally  over  the  furfaces  of  thefe 
bodies ;  for  no  ele&ricity  can  appear  upon  the 
furfaces  of  bodies  in  contact,  or  that  are  very 
near  each  x>thcr :  but  the  ele&ric  fluid,  by  at- 
tracting the  particles  of  matter,  endeavours  to 
difFufe  itfclf  equally  over  the  furfaces  of  thefe 
bodies,  and  the  bodies  are  by  this  endeavour 
forced  to  repel  each  other.".. 

"  *  The  difficulty  is  not,  however,  fblved 
by  this  theory,  which  only  explains  one  fa&  by 
another,  which  requires  as  much  explanation 
as  the  firft  :  but  overlooking  this,  it  is  ftill  inef- 
ficient ;  for  granting  that  bodies  negatively 
eleQrified,  ought  to  repel  each  other,  till  the 
eledhicity  is  equally  diffufed  over  their  furfaces, 
yet  when  this  is  accomplifhed,  the  repulfion 
ought  to  ceafe.  Further,  there  is  no  reafon  for 
fuppofing  the  electrification  to  take  place  while 
the  bodies  are  in  contaft,  or  nearly  fo.  One 
may  be  eleQrified  negatively  in  one  corner  of  a 
room,  and  another  in  the  other.     The  eledbrifi- 

L  cation 

*  Encyclopaedia  Britannica,  p.  2683. 
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cation  may  alfo  be  continued  for  any  length  of 
time  we  pleafe.  So  that  the  ele&ric  matter  muft 
have  diffufed  itfelf  equally  over  the  furfaces  of 
both.  Yet,  if  we  attempt  to  bring  thefe  bodies 
together,  they  will  repel  each  other,  which 
ought  not  to  be  the  cafe  or\  the  preceding  fup- 
pofuion."  i 

"  *  Pofitive  eledricity  bas  been  fupporffc  by 
another  to  confift  of  a  vibratory  motion  in  the 
air  and  ele&ric  fluid,  in  which  the  force  of  the 
vibration  is  direded  outwards  from  the  ele&ric 
body :  that  in  negative  eledricity  there  is  alfo 
a  vibratory  motion,  but  the  force  is  direded 
inwards.  Now  let  us  fuppofe  a  body  pofitively 
eledrified,  fufpended  by  a  fmall  thread,  at  a 
diftance  from  any  other,  the  vibratory  morion 
being  kept  up  by  an  equal  preflure  on  all  fides, 
the  body  is  neither  moved  to  one  fide  nor  ano- 
ther ;  but  when  a  negatively  eledrified  body  is 
brought  near,  the  force  of  the  vibration  being 
direded  outwards  in  the  one,  and  inwards  in 
the  other,  the  preflure  of  the  fluid  in  the  inter- 
mediate fpace  between  them  is  greatly  leffened, 
and  confequently  the  preflure  on  the  other  fide 
drives  them  both  together,  and  they  are  faid  to 
attrad  each  other.  If  a  body  cledrified  pofitively 
is  brought  near  the  firft,  the  force  of  the  vibra- 
tions 

*  Ibid.  p.  2699, 
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rions  are  dire&ly  oppofcd  to  each  other,  and 
therefore  the  bodies  recede  from  each  other. 
The  cafe  is  the  fame  with  two  bodies  negatively 
electrified ;  for  here  the  vibration  being  directed 
towards  both  bodies,  as  towards  two  centers, 
muft  caufe  them  to  recede  from  each  other,  be* 
caufiW  they  remained  in  contact,  the  vibratory 
motions  would  interfere  with  each  other. 

"When  a  fmaBbody  is  brought  within  th6 
fptoere  of  another's  ele&ricity,  the  equable  pref- 
fure  of  that  vibratory  or  eJedrieal  §Aere  16 
fomewhsrt  lefiened  upon  the  fide  near  which  tht 
body  h  brought,  and  it  is  therefore  impelled 
towards  the  flrft  by  the  a&ion  of  the  fuf  rounding 
fluid,  in  order  to  keep  up  the  equilibrium.  As 
foon  as  it  arrives  there,  the  vibrations  of  the  fluid 
around  the  firft  body  being  communicated  to 
that  within  the  pores  of  the  fecond,  it  acquires  a 
fphere  of  electricity  as  well  as  the  firft,  and  is 
confequently  repelled :  the  repulfion  continues 
till  the  vibration  ceafes,  either  by  the  atftion  of 
the  air,  or  by  the  body  coming  in  contaft  with 
another  larger  than  itfelf,  in  which  cafe  it's 
electricity  is  faid  to  be  difcharged.  If,  after  this 
difcharge,  the  fecond  body  is  ft  ill  within  the 
fphere  of  the  firft,  it  will  be  immediately  at- 
tracted, and  very  foon  after  repelled,  and  fo  on 

L  2  alternately, 
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alternately,    till   the   eledricity  of  the  former 
totally  teafes." 

From  feveral  experiments  of  Beccaria's,  it 
appears,  that,  if  the  air  is  thoroughly  exhaufted 
from  a  glafs  receiver,  the  attraction  and  repulfion 
of  electrified  light  bodies  within  the  receiver 
grows  languid,  and  foon  ceafes  altogethei#This 
is  confirmed  by  an  experiment  of  Mr.  Caval- 
lo's.  A  pith  ball  ele&rometer  was  fufpended 
within  a  receiver  of  an  air  pump,  by  it's  brafs 
cap ;  this  was  then  electrified ;  the  balls  diverged 
a  little  when  the  air  was  only  rarified  ioo  times ; 
when  it  was  rarified  300  times,  the  repulfion  was 
fcarce  difcernable:  when  the  rari&dion  was 
greater,  they  did  not  diverge  at  all ;  and  that, 
whether  a  fmall  or  large  quantity  of  electricity 
was  communicated  to  the  cap.* 

•  Phil.  Irani*,  vol.  73,  p.  45s, 
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CHAR      V. 

Of    the   Electric   Spark. 

Experiment  liii. 

TJ1 1 X  the  wire  and  ball  B  to  the  end  of  the 
-■*  condu<5tor,  as  at  A,  fig.  29,  turn  the  cy- 
linder, and  then  bring  the  knuckle,  or  another 
metal  ball,  as  C,  towards  B ;  if  the  machine  is 
powerful,  a  long,  crooked,  brilliant,  eleQric 
fpark,  with  the  appearance  of  fire,  attended  with 
a  fnapping  noife,  will  pafs  between  the  two  balls, 
or  between  the  knuckle  and  ball. 

The  experiments  in  the  foregoing  chapter 
flicw,  that  thofe  fubftances,  which  are  brought 
within  the  influence  of  eledlrified  bodies,  will 
become  poffeffed  of  a  contrary  eleftricity,  and 
are  confequently  in  a  proper  ftate  to  receive  a 
fpark  from  any  body  that  is  charged  with  eleftric 
matter;  and  when  brought  near  enough,  they 
will  receive  the  fluid  in  one  explofion.  If  the 
conductor  is  negative,  it  receives  the  fluid  from 
the  approaching  body.  The  fpark  does  not  ex- 
plode at  the  greateft  diftance  on  a  given  body, 
until  it  has  firft  been  made  to  ftrike  at  fomc 

fmaller 
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fmaller  diftance,  which,  as  it  were,  entice*  the 
difchargc  gradually  forwards. 

The  longed  and  mod  denfe  fparks  proceed 
from  that  end  of  the  condu&or  which  is  fartheft 
from  the  cylinder,  though  long  curvilinear 
fparks  may  alfo  be  taken  near  the  infulating  pillar 
which  fupports  the  condu&or. 

The  fpark,  or  quantity  of  eleftricky  dif- 
chargtd,  is  Hearty  in  proportion  to  the  fize  of 
the  conductor ;  fo  that  larger  and  longer  fparks 
are  obtained  from  a  condu&or  which  has  a  jroa- 
fidtraUe  fur&ce,  than  from  a  finail  one.  This 
has  been  extended  fo  for,  that  the  force  of  the 
ipark  from  a  conchaSor,  has  been  equal  tp  a 
fhock  from  a  good  fized  phial. 

The  found  is  occasioned  by  the  momentary 
agitation  into' which  the  air  is  thrown  by  the; 
ele&ric  fluid. 

If  the  ele&ric  fpark  is  received  on  any  part  of 
the  body,  it  occafions  a  fenfation  fomething  re- 
fembhag  a  finart  blow,  which  is  more  or  left 
panful,  in  proportion  to  the  tendernefs  of  the 
port,  or  the  ftrength  and  weakne&of  the  fpark. 

When  the  quantity  of  eledtricity  is  fnaH,  and 
incapable  of  ftriking  at  any  considerable  diftance, 
the  fpark  appears  ftrait ;  but  when  it  is  ftrong, 
and  capable  of  ftriking  at  a  greater  di  (lance,  it 
aflumes  a  crooked  or  ziz-zag  dire£tion;  and 
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this,  probably,  becaufe  the  more  fluid  elediric 
matter  has  to  pafs  with  great  rapidity  through 
the  denfer  and  left  fluid  atmofpherc,  which  re- 
ciprocally aft  upon  each  other. 

It  will  be  feen,  by  a  great  variety  of  experi- 
ments, that  the  ele&ric  fluid  is  diflipated,  unlefs 
it  is  refilled  by  the  preffure  of  the  atmofphere, 
which  keeps  the  fire  together  in  a  body,  and  by 
concentrating,  it  incrtafes  it's  fplendor.  The 
fpark  which  explodes  in  the  air  is  .vivid,  like 
lightning ;  but  if  the  fame  is  tried  in  an  ex- 
haufted  receiver,  inftead  of  a  fpark  and  explo- 
sion, we  have  only  a  (Uent,  faint,  diluted  dream, 

Beccaria  fays,  that  the  air  refifts  the  ele&ric 
fpark  in  proportion  to  it's  denfity,  and  the  thick- 
nefs  of  the  ftratum  it  oppoies  to  the  fpark,  or 
the  length  of  the  paflage  they  open  for  them- 
felves  through  it's  fubftance.  He  alfo  fhews, 
by  a  variety  of  experiments,  that  the  air  is  driven 
in  every  direction  by  the  ele&ric  fluid,  with  a 
force,  the  adlion  of  which  does  not  immediately 
fubfide.  It  will  appear  from  this,  as  well  as 
many  other  confiderationi,  that  the  exceeding 
great  velocity  and  ftrength  of  the  eledtric  fluid, 
are  not  owing  to  a  repulfive  power  among  it's 
particles,  but  to  the  mutual  action  of  the  air  and 
eledtric  fluid  upon  themfclves  and  one  another  j 

and  that  it's  momentum  is  produced  by  the  in- 
cumbent 
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cumbent  preflure  of  the  atmofpherc  oi  the  elec- 
tric  fluid*  and  the  preflure  of  one  part  of  this 
matter  upon  another.  This  latter  preflure  mull 
be  very  great,  if  the  particles  of  the  cle&ric  fluid 
arc  in  contaft,  or  ad  immediately  one  on  the 
other  throughout  the  wide  immenfity  of  fpace. 

The  ele&ric  fpark  appears  of  a  different  co- 
lour, according  to  it's  denfity :  when  it  is  rare, 
it  appears  of  a  blueifh  colour ;  when  more  denfc, 
it  is  purple ;  when  highly  condenfed,  it  is  clear 
and  white,  like  the  light  of  the  fun. 

The  middle  part  of  an  cledric  fpark  often  ap- 
pears diluted,  and  of  a  red  or  violet  colour ;  the 
ends  are  more  vivid  and  white,  probably  be- 
caufe  the  fluid  meets  with  the  greateft  irfiftance 
at  it's  entrance  and  exit. 

The  fpark  is  fometimes  divided  into  many 
parts,  as  in  fig.  30.  The  rays  of  the  pencil 
concentrate  where  they  ftrike  the  ball,  and  form 
upon  it  many  denfe  and  fhining  fparks. 

Experiment  liv. — Place  an  ivory  ball  on  the 
conductor,  take  a  ftrong  fpark,  (or  pafs  the 
charge  of  a  Leyden  bottle  through  the  center  of 
it)  the  ball  will  appear  perfectly  luminous.  If 
the  charge  is  not  taken  through  the  center,  it 
will  pafs  over  and  corrode  the  furface  of  the 
ball. 

Experiment 
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Experiment  lv. — Take  a  fpark  through  a 
ball  of  box- wood,  and  it  will  appear  of  a  beau- 
tiful crimfon,  or  rather  a  fine  fcarlet  colour ;  or 
the  (hock  may  be  pafled  through  pieces  of  wood 
of  different  thicknefles  and  denfity,  which  will 
afford  a  very  ample  field  for  obfervation  and  ex- 
periment. 

The  two  forgoing  experiments  are  fo  anala- 
-gous  to  ttye  famous  experiment  of  Mr.  Hawkf- 
bee,  and  fome  others  which  have  been  made 
fince  his  time,  that  I  have  fubjoined  them,  and 
hope  they  will  lead  to  a  further  inveftigation  of 
this  curious  fubjeft. 

Experiment  lvi. — Mr.Hawkfbee  lined  more 
than  half  the  infide  of  a  glafs  .globe  with  fealing- 
wax,  he  exhaufled  the  globe,  and  put  it  in  mo- 
tion, when,  on  applying  his  hand  to  excite  it, 
he  faw  the  fhape  and  figure  of  it  as  diftin&ly  on 
the  concave  fuperficies  of  the  wax  within,  as  if 
only  pure  glafs  had  intervened  between  his  eye 
and  his  hand.  The  lihit?g  of  wax,  where  it  was 
thinneft,  would  but  juft  allow  the  light  of  a  can- 
dle to  be  feen  through  it  in  the  dark.  In  fome 
parts  the  wax  was  at  leaft  an  eighth  part  of  an 
inch  thick ;  yet,  even  in  thofe  places,  the  fhape 
and  figure  of  his  hand  were  as  diftinguifhable  as 
any  where  elfe. 

M  Beccaria 
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Bee  car  i a  difcharged  an  electric  fhock  through 
fome  brafs  dud,  fprinkled  between  two  plates  of 
fcaling  -wax ;  the  whole  was  rendered  perfe&ly 
luminous  and  tranfparent. 

Experiment  tvii.-r— This  extraordinary  ex- 
periment was  made  by  Dr.  Prieftley,  and  U 
thus  defcribed  by  him.  I  laid  a  chain,  which 
wu  in  contad  with  the  outfide  of  a  jar,  lightly 
on  my  finger,  and  fometimes  kept  it  at  a  fmaJJ 
diftancc  by  means  of  a  thin  piece  of  glafs.  If  I 
made  the  difcharge  at  the  diftance  of  about  three 
inches,  the  ele&ric  fi*e  was  vifibie  on  the  furface 
of  the  finger,  giving  it  a  fudden  concuflion, 
which  feemed  to  make  it  vibrate  to  the  very 
bone ;  and  when  it  happened  to  pafs  on  that  fide 
of  the  finger  which  was  oppofite  to  the  eye,  the 
Tvhole  feemed,  in  the  dark,  perfe&ly  tranfparent. 

Experiment  lviii. — Conned  one  end  of  a 
chain  wjth  the  outfide  of  a  charged  jar,  let  the 
other  end  lie  on  the  table,  place  the  end  of  ano- 
ther piece  of  chain  at  about  one  quarter  of  an 
jnch  diftance  from  the  former,  then  fet  a  de- 
canter of  water  on  thefe  feparated  ends,  and,  on 
jnaking  the  difcharge  through  the  chain,  the 
water  will  appear  perfectly  and  beautifully  lu- 
minous. This  experiment  was  communicated. 
?  to 
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to  me  by  Mr.  Haas,  the  inventor  of  an  improved 
air-pump. 

Do  not  thefe  experiments  indicate,  that  there 
is  a  fubtle  medium  both  in  ele<5hic  and  non- 
electric bodies,  that  renders  them  tranfparent, 
when  it  is  put  in  motion  ? 

Experiment  lix. — The  fparks  taken  over  a 
piece  of  filver  leather,  appear  of  a  green  colour. 

Experiment  lx. — E  F,  fig.  31,  is  a  gla6 
tube,  round  which,  at  /mail,  but  equal  diftances 
from  each  other,  pieces  of  tin-foil  are  parted  in 
a  fpiral  form,  (hence  it  'ib  called  the  fpiral  tube) 
from  end  to  end ;  this  tube  is  inclofed  in  a  larger 
one,  fitted  with  brafs  caps  at  each  end,  which 
are  conneded  with  the  tin-foil  of  the  inner  tube. 
Hold  one  end  in  the  hand,  and  apply  the  other 
near  enough  to  the  prime  conductor  to  take 
fparks  from  it,  a  beautiful  and  lucid  fpot  will 
then  be  feen  at  each  feparation  of  the  tin-foil ; 
thefe  multiply,  as  it  were,  the  fpark  taken  from 
the  conductor ;  for  if  there  was  no  break  in  the 
tin-foil,  the  elc&ric  fire  would  pafs  off  unper- 
ceived. 

Experiment  lxi. — The  luminous  word.  This 
experiment  is  exa&ly  on  the  fame  principles  as 
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the  foregoing.  The  word  is  formed  by  the  fmall 
reparations  made  in  the  tin-foil,  which  is  palled 
on  a  piece  of  glafs,  that  is  fixed  in  a  frame  of 
baked  wood,  as'  is  reprefentcd  in  fig.  32.  To 
make  the  experiment,  hold  the  frame  in  the 
hand,  and  prefent  the  ball  G  to  the  condudor, 
the  fpark  received  on  this  will  be  communicated 
to  the  tin-foil,  and  follow  it  in  all  it's  windings, 
till  it  arrives  at  the  hook  h,  and  is  conveyed 
from  thence  to  the  ground  by  a  chain :  the  lucid 
appearance  at  each  break  exhibits  a  word  in 
chara&ers  of  fire. 

Experiment  lxii. — Totake  the ele&ric  fpark 
with  a  metal  point,  fcrew  a  pointed  brafs  wire 
into  one  end  of  a  fpiral  tube,  and  prefent  it  to 
the  conductor  while  the  machine  is  in  a&ion, 
when  a  ftrong  fpark  will  pafs  between  the  con- 
ductor and  the  point. 

Experiment  lxiii. — Take  a  clean  dry  glafs 
tube,  of  about  a  quarter  of  an  inch  bore,  infert 
a  pointed  wire  in  this  tube,  keep  the  pointed 
end  at  fome  diflance  from  the  end  of  the  tube, 
let  the  other  end  be  connefted  with  the  ground, 
bring  the  former  towards  the  prime  condudtor, 
and  ftrong  zig-zag  fparks,  attended  with  a  pe- 
culiar noife,  will  pafs  between  the  conductor 
and.  the  point. 

The 
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The  reparation  between  the  pieces  of  tin-foil, 
in  experiment  62,  forms  a  rafiftance  which  hin- 
ders the  immediate  reception  of  the  ele&ric  fluid, 
and  thus,  in  fome  meafure,  prevents  the  com- 
mon aftion  of  the  point  on  the  conductor ;  or, 
the  power  of  a  point  to  prevent  an  explofion, 
depends  on  it's  having  a  perfedt  uninterrupted 
metallic  communication  with  the  earth :  though 
this  is  not  always  fufficient,  as  may  be  feen  by 
exper.  63,  where  the  fluid  is  concentrated  and 
collected  by  the  non-condu&ing  fubftance  which 
furrounds  the  point:  a  cafe  iimilar,  in  many 
refpetfs,  to  the  condu&ors  which  are  ereded 
for  the  prefervation  of  buildings. 

Experiment  lxiv. — Let  any  perfon  (land  oil 

the  infulating  (tool,  and  connc<51:  himfelf  by  wire 

or  chain  with  the  prime  condudtor,  he  will  then 

exhibit  the  fame  appearances  which  are  obtained. 

from  the  conductor,  and  will  attract  light  bodies, 

give  the  (park,  &c.  and  thus  afford  a  pleafing 

mode  of  diverfifying  every  experiment.    It  is 

abfolutely  neceffary,  to  the  complete  fuccefs  of 

this  experiment,  that  no  part  of  the  cloaths 

touch  the  floor,  table,  &c.  and  that  the  glafs 

feet  be  carefully  dried :  a  fheet  of  dry  brown 

paper  placed  under  the  ftool,  will  be  found  of 

confiderable  fervice,  by  rendering  the  infulatioa 

more  complete. 

If 
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If  the  infulatcd  pcrfon  lays  his  hand  on  the 
cloaths  of  one  that  is  not  fo,  efpecially  if  they 
are  woollen,  they  will  both  feel  as  it  were  many 
pins  pricking  them,  as  long  as  the  cylinder  is 
in  motion. 

Experiment  lxv. — To  fire  fpirits  of  wine 
with  the  ele&ric  fpark,  heat  die  ladle  I,  fig. 
33,  then  pour  a  ImaA  quantity  of  (pints  of  wine 
into  it,  and  fix  it  by  it's  handle  to  the  end  of  the 
prime  condu&or ;  or  fire  the  fpirits,  and  blow 
them  out  &  few  minutes  before  the  experiment 
is  made ;  take  a  fpark  through  the  middle  of  the 
ladle  with  a  brafs  ball,  and  the  fpirits  will  be 
fired  by  it. 

Or  let  a  perfon,  Handing  on  an  infulating 
(tool,  and  connected  with  the  prime  condu&or, 
hold  the  ladle  with  the  fpirits  in  his  hand,  and 
let  a  perfon  on  the  floor  take  a  fpark  through 
them,  and  they  will  be  fired.  The  experiment 
anfwers  equally  well,  if  the  perfon  on  the  floor 
holds  the  ladle,  and  the  infulatcd  perfon  takes 
the  fpark. 

Experiment  lxvi. — The  foregoing  experi- 
ment may  be  agreeably  diverfificd  in  the  fol- 
lowing manner.  Let  one  clcdrified  perfon,  (land- 
ing on  an  infulated  ftool,  hold  the  fpirirs.    Let 

another 
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another  perfon,  Handing  alfo  on  an  infulated 
ftool,  hold  in  his  hand  an  iron  poker,  one  end 
of  which  is  made  red  hot,  he  may  then  apply 
the  hot  end  to  the  fpirits,  and  even  immcrge  it 
in  them  without  firing  them.  But  if  he  put 
one  foot  on  the  floor,  he  may  let  the  fpirits  on 
fire  with  either  end. 

Experiment  lxvii.— The  fpirits  cannot  be 
kindled  by  the  infulated  perfon,  becaufe,  as  thf 
eie&ric  cannot  efcape  through  him  to  the  earthy 
he  is  incapable  of  drawing  a  /park  fufficiemly 
ftrong  to  inflame  them,  and  hot  iron  will  feldom 
or  never  fet  fpirits  on  fire. 

If  oil  of  turpentine  is  fet  on  fire  in  a  veffel 
which  is  placed  on  the  condu&or,  ai)d  the  fmoLc 
is  received  on  a  plate,  held  by  a  perfon  (landing 
on  an  infulated  (tool,  he  will  be  ele&rified  there- 
by, and  enabled  to  fire  fpirits  of  wine,  &c.  If 
the  infulated  perfon  holds  a  brais  wire  at  the 
top  of  the  flame  of  burning  fpirits  of  wine,  which 
is  conrietted  with  the  conduQor,  he  will  alio  be- 
come ele&rified.  Hence  we  find,  that  either 
fmoke  or  flame  condufis  the  eleftrical  fluid. 

Mr.  Volta  has  fueceeded  iji  obtaining  un- 
doubted figns  of  ele&ricity  from  the  fimple  eva- 
poration of  water,  and  from  various  chemical 
effervefcencc3, 

JI*PERIMENT 
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Experiment  lx vii i. — Infulatc  t  fmall  cruci- 
ble, containing  three  or  four  lighted  coals, 
throw  a  fpoonful  of  water  on  the  coals,  and  in 
a  fhort  fpace  of  time,  an  dedbometer,  which 
communicates  with  the  coals  by  means  of  a  wire, 
will  diverge  with  negative  eledtricity. 

From  hence  it  would  feem,  that  the  vapour 
of  water,  and,  in  general,  thofe  parts  of  a  body 
that  are  fcparated  by  volatilization,  cany  away 
an  additional  quantity  ofeledfaic  fluid,  as  well 
as  of  elementary  heat ;  and  that  the  body,  from 
which  thofe  volatile  parts  have  been  feparated, 
remains  both  cooled  and  de&rified  negatively; 
and  that  thofe,  which  are  refolved  into  a  vo- 
latile elaftic  fluid,  have  their  capacity  for  hold- 
ing common  fire,  and  the  eledric  fluid  aogmen- 
ted. 

Or  Inflammable  Air,  and  the  Pistol  for 

Inflammable  Air. 

A  fpecies  of  air,  which  is  inflammable,  is  fre- 
quently generated  in  coal  mines:  the  air  alio 
emitted  by  {lining  the  mud  of  fome  Handing 
waters,  has  been  found  to  be  inflammable/7  Pu- 
trefcent  animal  matter  alfo  emits  this  fluid.  It 
may  be  obtained  by  diftillation  from  wax,  pitch, 
amber,  coals,  and  other  phlogiftic  fubftances. 

The 


ELfiCTRICITt  gf 

The  following  is  the  moft  conveniertt  method  of 
procuring  it :  put  fome  final!  ,  nails  or  irort 
filings  into  the  bottle  r>  fig.  38;  cover  thefe 
with  water,  tbtA  add  to  this  a  little  oil  of  vitriol, 
about  one  quarter  of  the  quantity  there  is  of 
water,  put  the  ground  end  of  the  bent  tube  into 
the  mouth  of  the  bottle,  and  pafs  the  other  end 
through  the  water  of  the  bafon  T  into  the  neck 
of  the  bottle  K,  which  is  filled  with  water,  and 
inverted  in  the  bafon ;  the  pottle  k  rnuft  be  fup* 
ported  during  the  operation :  in  a  little  time  the 
mixture  will  effervefce,  and  emit  a  fluid  which: 
will  pafs  through  the  bent  tube,  go  into  the 
bottle  K,  and  at  laft  fill  it  totally,  expelling  the 
water;  the  bottle  is  then  to  be  removed,  and 
worked  as  cxpeditioufly  as  poflible. 

Fig.  39  reprefents  a  brafs  piftol  for  inflam- 
mable air;  a  b  is  the  chamber  of  brafs,  to  the 
mouth  a  c  of  which  a  cork  is  fitted,  a  perforated 
piece  of  brafs  g  fcrews  on  to  the  bottom  of  this 
chamber,  (this  piece  h  reprefented  by  itfelf  in 
fig.  40)  a  glafs  tube  f  is  cemented  into  the  per,, 
foration  of  this  piece,  and  a  brafs  wire  is  alio 
cemented  into  the  glafs  tube ;  one  end  of  this* 
wht  is  farnifhed  with  a  ball,  the  other  extremity 
is  berit,  fo  as  to  eoftte  within  about  a  tenth  of 
an  inch  of  the  brafs  piece.  Fig.  41  is  a  brafs 
cap,  which  fcrews  on  the  piftol,  to  preferve  the 

N  glafs 
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glafs  tube  from  any  accident.  The  air  with 
which  the  piftol  is  to  be  charged  fliould  be  kept 
in  a  corked  bottle :  take  out  the  cork  and  apply 
in  the  fame  inftant  the  mouth  of  the  piftol  to 
the  opening  of  the  bottle,  and  the  common  and 
inflammable  air  will  mix  together,  becaufe  the 
former  being  heavier  than  the  latter  will  naturally 
defcend ;  keep  the  piftol  in  this  {ituation  about 
1 5  feconds,  then  remove  it,  and  cork  both  the 
bottle  and  piftol  with  the  utmoft  expedition. 

If  the  piftol  is  held  too  long  over  the  bottle, 
and  is  intirely  filled  with  inflammable  air,  it 
will  not  explode. 

Description  of  another  Apparatus  for 
making  Inflammable  Air,  and  filling 
The  Air  Pistol,  &c. 

This  apparatus  confifts  of  the  following  articles. 
j.  A  glafs  funnel. 

2.  A  fmall  glafs  tumbler. 

3.  A  bladder  tied  to  a  ft  op  cock. 

4.  A  brafs  pipe  parting  through  a  corlf ;  which 
cork  is  made  tapering,  to  fit  the  neck  of  a  com- 
mon wine  bottle :  the  upper  part  of  the  pipe  has 
3  male  fcrew,  to  fit  the  ff  rew  oi)  the  lower  end 
pf  the  ftop  cock. 

c.  Ai)  air  piftol  furnifhed  with  a  valve  at 

the 
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fixe  end  b  fig-  39 ;  the  wire  pafling  through  a 
glafs  tube,  and  to  which  the  fpark  is  to  be 
given,  is  fitted  into  the  fide  of  the  piftol.  At 
the  end  b  of  the  piftol  is  a!  male  fcrew  which  fits 
the  lower  end  of  the  ftop  cock. 

6.  A  bo*  with  iron  filings. 

7.  A  fmall  meafure  which  will  hoid  the  pffri 
per  quantity  of  iron  filings. 

8.  A  brafs  tube  and  hollow  flyer ;  the  lower 
end  of  the  brafs  tube  fits  the  ftop  cock. 

Soak  the  bladder  in  water  which  is  lukewarm, 
in  order  to  (often  it ;  and  then  itnder  it  pliable, 
by  blowing  air  into  it  and  fqueezing  it  out  again. 
After  this  fcrew  the  conical  pipe  with  the  cork 
into  the  lower  end  of  the  ftop  cock,  and  it  is 
ready  for  ufe.  Then  take  a  common  quart 
wine  bottle,  and  put  into  it  a  little  hot  water, 
to  warm  it.  Pour  as  much  oil  of  vitriol  into 
the  tumbler,  as  will  about  half  fill  it,  and  mix 
this  in  another  tumbler  with  about  three  times 
the  quantity  of  cold  water.  Throw  the  warm 
water  out  of  the  bottle,  and  put  a  meafure  of 
iron  filings  into  it,  then  pour  the  diluted  vitriol 
through  the  glafs  funnel  upon  the  iron  filings. 
As  foon  as  the  effervefcence  begins,  put  the 
cork  with  it's  pipe  into  the  neck  of  the  bottle, 
and  the  inflammable  air  which  is  generated  by 
the  mixture,  will  enter  into  and  gradually  fwell 
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the  bladder.  When  tbU  is  full,  Ihut  the  (lop 
cock,  and  remove  the  bladder  from  the  bottle. 

The  bladder  being  thus  filled,  fcrew  the  hot- 
torn  of  the  piftol  upon  the  flop  cock ;  cojnptcfr 
the  bladder,  and  introduce  by  this  means  about 
as  much  inflammable  air,  as  you  judge  will  fill 
one  third  of  it's  capacity,  and  put  the  cork  im- 
mediately into  the  muzzle  of  the  piftol.  To 
form  a  circle  of  fire  wkh  inflammable  air,  fill 
the  bladder  asJbefore,  unferew  the  coqjcaj  ftjbe 
from  the  flop  cock,  and  fcrew  the  brafs  fy  in 
it's  place,  open  the  cock,  and  conipief*  the 
bladder ;  the  air  will  pais  through  the  fly,  and 
fet  it  in  roffyion ;  Kght  the  air  at  the  end  of  the 
pipe,  and  a  beautiful  circle  of  fire  will  be  formed 
by  the  motion  of  the  bent  tube,  and  the  fired  air 
which  iffues  from  it's  points.  The  piftol  is  fired 
as  in  experiment  69. 

If  too  great  a  quantity  of  inflammable  air  is 
introduced  into  the  piftol,  it  will  not  explode ; 
to  remedy  this,  blow  ftrongly  into  the  muzzle  of 
the  piftol,  this  will  force  out  a  quantity  of  the 
inflammable  air,  and  occafion  a  quantity  of  com- 
mon air  to  enter  the  piftol,  which  will  then 
readily  explode. 

.  The  bottle  fhould  be  taken  into  the  open  air 
and  be  well  wafhed,  as  foon  as  the  bladder  is 
filled. 

5  Experiment 
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E|wm  m$*t  lxix. — Bring  the  ball  of  the  pit 
tol,  which  is  charged  with  inflarnmaWe  air,  ne^f 
the  prime  pondudar,  or  the  fcnpb  of  a  charged 
bottW,  the  fp^rk  which  pafle*  between  the  end  of 
the  wire  f  and  the  piece  g,  fig.  40,  will  fire  thf 
inflammable  *if,  anc}  drive  the  cork  to  a  coor 
fiderable  diftance.  This  air,  like  3II  other,  rer 
quires  the  pre&nce  either  of  {Hire  air,  or  the 
nitrous  *cid,  to  enable  it  to  burn*,  but,  if  it  b 
mixed  with  a  certain  quantity  cf«Mwnoii  air, 
an  explofion  will  t*k*  place  ia  paftng  the  ele&rip 
fpark  throMgh  k. 

Mr-  Cavallo  recpfnmends  a  piftol  made  in  thf 
following  manner,  to  thofe  who  wU&feo  make 
experiments  on  the  explofion  of  inflammable  and 
dephlogifticated  air,  or  with  known  quantities 
of  common  and  inflammable  air.    It  confifts  of 
k  a  brafs  tube,  about  one  inch  in  diameter  and  fix 
inches  long,  to  one  extremity  of  which  a  per- 
forated piece  of  wood  is  fecurely  fitted ;  a  brafs 
wire,  abour  four  inches  long,  is  covered,  except 
it's  ends,  firft  with  fealing-wax,  then  with  filkf 
and  afterwards  with  fealing-wax  again.     This 
wire  is  to  be  cemented  in  the  perforation  of  the 
wooden  piece,  fo  as  to  projeft  about  two  inches 
within  the  tube,  the  reft  is  on  the  outfidc ;  that 
part  of  the  wire,  which  is  within,  is  bent  fo  as  to 

be 
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be  only  about  one  tenth  of  an  inch  from  the' in. 
fide  of  the  brads  tube.* 

To  ufe  this*  piftol ;  fill  it  withy  and  then  in* 
vert  it  into  a  bafon  of  water;  make  the  required 
quantity  of  inflammable  and  common  air  in  ano- 
ther veffel,  by  putting  in  known  and  propor- 
tionable meafuies  of  each ;  introduce  this  mix- 
ture into  the  piftol,  and  then  flop  it  with  a  cork; 
take  the  piftol  out  of  the  water,  and  pals  in  the 
ufual  manner  the  fpark  of  a  chaiged  jar  through 
it,  and  the  inflammable  air  will  be  fired. 

The  inftruments  for  firing  die  inflammable 
air  with  the  ele&rit  fpark,  are  often  made  in  the 
ihape  of  #  cannon. 


*  Cavallo  en  Air,  p,  8ifcJ 
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CHAP. 


Of  Electrified  Points. 

Experiment  lxx. 

PRESENT  the  pointed  end  of  a  wire  towards 
a  conductor  which  is  pofitively  ele&rified, 
?  lucid  globular  point  or  ftar  will  appear  on  the 
point,  and  the  ele&ric  fluid  will  be  evidently 
conveyed  away  and  djfljpated  from  the  con- 
ductor. 

.r. 

Experiment  lxxi.— Prefent  a  pointed  wire 
towards  a  condu&or  that  is  elcftrified  nega- 
tively ;  a  lucid  cone  or  brufh  will  be  feen  di- 
verging from  the  point,  and  the  quantity  of  fpe 
will  bp  iqcreafed. 

Experiment  lxxii. — The  lucid  ftar  is  feen  on 
the  collecting  points  of  a  pofitive  conductor, 
while  a  diverging  cone  will  appear  on  a  point 
placed  at  the  end  of  the  condudor. 

To  determine  the  direction  of  the  eledxic 

fluid,  has  ever  been  an  objeft  of  confiderable 

importance    to    the   ele&rician;    as   it  would 

enable  him  to  decide  on  the  truth  of  thofe  theo- 

ries. 
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tics,  which  have  been  invented  to  account  for 
it's  phenomena,  and  greatly  aflift  him  in  the 
progrefc  of  future  difcovcry :  To  this  end  much 
ftrefs  has  been  laid  on  the  different  appearance 
of  the  light,  which  is  perceived  on  the  pointed 
ends  of  elc&rified  concluding  fubftances ;  as  thefe 
have  been  fuppofed  to  elucidate  fully  this  in- 
terfiling queftion. 

The  elettic  fluid  appears  as  a  diverging  ftrcam 
darting  forwards  into  the  air,  from  a  pamt  elec- 
trified pofitively.  The  luminous  appearance  on 
a  point  negatively  electrified,  it  iltat  of  a  fm*)l 
little  globule  or  ftar. 

Now,  as  the  air  is  known  to  refill  the  mo- 
tion of  the  electric  fluid,  .the  rays  of  it  woufd  by 
this  refinance  be  made  to  diverge;  therefore, 
when  this  fluid  is  darting  from  a  point  into  the 
air,  it  will  a  flu  me  the  form  of  a  lucid  cone  or 
brufli,  which  is  agreeable  to  experiments  yi 
and  72. 

To  this  it  has  been  objected,  that  thefe  rays 
may  poffibly  be  converging  from  fo  many  points 
in  the  air  towards  the  point,  and  not  diverging 
from  it ;  but,  as  there  does  not  appear  any  reafon 
why  a  vifible  ray  fhould  break  out  from  one 
place  in  the  atmofphere  more  than  another,  the 
former  account  feems  more  conformable  to  na- 
ture, and  the  known  laws  of  other  fluids.     The 

air 
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air  refiflfi  ihe  motion  qf  the  ekdric  fluid  equally. 
Therefore,  when  this  fluid  is  coming  from  the 
air  towards  a  pointed  condu&or,  it  would  per- 
colate (lowly  and  invifibly  through  the  air,  but 
equally  on  ail  fides,  till  it  comes  To  near  as  to  be 
able  to  break  through  the  intermediate  fpacei 
but  as  this  will  be  equal  or  nearly  fo  all  around, 
the  negative  ele&ricity  muft  appear  like  a  fteady 
luminous  globule  on  the  point.0  NotwithftancL- 
ing  the  apparent  probability  of  the  above  rea- 
fonipg,  it  tofff  ftill  be  obje&ed,  that  no  decifive 
condufiop  cih  be  drawn  from  thefe  appearances, 
as  they,  may  be  varied  by  augmenting  or  dimi- 
niihing  the,yoliwe  of  the  pointed  body,  and  by  a 
variety  of  other  circumftances. 

Experiment  lxxiii. — A  lucid  cone  appears 
on  the  collector  of  a  negative  conduftor,  and  a 
lucid  ftar  on  a  point  placed  at  the  oppofite  end 
of  the  conductor. 

Experiment  lxxiv. — Bring  an  excited  glafs 
tube  near  a  point  that  is  fixed  at  the  end  of  a 
pofitivcly  ele^ri^ed  conduiftor,  and  the  luminous 
brufli  will  bertMrapd  cmt  ^)f  it's  direftion  by  the 
a<5Uon  of  the  excited  tube  $  if  the  tube  is  held  di~ 
redly  oppofite  to  the  point,  the  bryfli  will  vanilh. 

O  Experiment 

*  Encyclopedia  Brittnnica,  p.  S699. 
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Experiment  lxxv.— Fix  the  point  to  the  end 
of  the  negative  conductor,  the  lucid  ftar  will  torn 
towards  the  excited  tube. 

Thefe   two   experiments  coincide  with  and 

confirm  experiments  70,  71,  72>*73>  anc*  ,ca<* 
to  the  fame  conclufion,  viz.  that  the  brufli  is 
•a  fign  of  pofitive,  and  the  ftar  an  indication 
of  negative  ele&ricity,  which  is  ftill  further 
confirmed  by  the  following  experiment. 


Experiment  lxxvj. — Put  a  wire,  which  has 
a  ball  at  one  end,  into  the  hole  at  the  end  of  a 
pofitive  conduftor,  place  a  lighted  candle  fo  that 
the  middle  of  the  flame  may  be  even  with  the 
middle  of  the  ball,  and  about  an  inch  frbm  it ; 
turn  the  machine,  and  place  the  fame  wire  at 
the  end  of  the  negative  condu&or,  the  appear- 
ance will  be  reverfed,  and  the  knob  will  foon  be 
heated  by  the  flame  of  the  candle  which  is  carried 
towards  it. 

Experiment  lxxvii. — Fix  a  pointed  wire 
in  the  hole  on  the  upper  fide  of  the  conduftor, 
then  place  the  center  of  the  brafs  crofs  K,  fig  34, 
upon  the  point,  the  ends  of  which  crofs  are  all 
bent  one  way ;  electrify  the  conduftor,  and  the 
crofs  will  turn  upon  it's  center  with  great  rapidity. 

If 
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If  the  room  be  darkened,  a  circle  of  light  will  be 
Jbrmed  by  die  ele&ric  fluid  on  the  points  of  the 
wires.  The  re-a&ion  of  the  air  on  the  diverging  t 
cone  of  clc&fic  matter  gives  the  retrogade  motion 
to  the  points  of  the  wire. 

The  fly  turns  round  in  the  fame  dire&ion,; 
whether  it  is  ele&rified  negatively  or  pofitively  ; 
though  it  will  not  move  in  vacuo,  unlefs  the  fin* 
ger, .  or  fome  other  conductor,  is  applied  to  the 
glafs  receiver  oppofite  to  one  of  the  points,  it 
will  then  begin  to  raovc,  and  continue  to  do  fo 
briikly  till  the  glafs  is  charged. 

T 
■  ■         ■  * 

Experiment  lxxviii. — Ele&rify  the.  two 
infuiated  wires  M  N,  o  P,  fig.  35,  and  the. 
refinance  of  the  air  againft  the  elc&ric  ftream* 
from  the  point  of  the  fly  L,  (the  axis  of  which 
rolls  on  the  wires)  will  force  the  fly  up  the 
declivity  of  (he  inclined  plane  M  N,  o  P. 

Experiment  lxxix. — Fig.  36  reprefents  a 
fmaU  crane,  which  will  move  from  the  fame 
caufe  as  the  foregoing,  and  raife  a  fmaU  weight. 

Experiment  lxxx.— Several  flyers  may  be 
made  to  turn  at  the  fame  ,time,  fee  fig.  37,  and 
many  other  pleafing  experiments  may  be  conr 
trived  on  the  fame  principle ;  or*  the  flyers  may 

O2  be 
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be  placed  ahc  above  another,  duninilhing  gra- 
dually in  fizc,  and  forming  when  efcArified  w 
luminous  cone ;  the  circles  of  light  wilV  be  more 
briHtant,  if  thfc  end*  of  the  wires  ate  cmc*A 
.with  a  thin  coating  of  greafe,  fcaltag-  wax,  of 
fiftphftr. 

Experiment  txxxr.— Immerge  a  meca&c 
point  in  a  metal  veflcl  nearly  fitted  wrtfrril  of 
vitriol,  and  plated  6n  an  ek&tffied  coriUflar, 
fearce  any  (park  wiH  pafr  to  the  £*nh^  although 
it  is  held  very  near  the  bottom- of  fee  teflfeL  If 
this  is  filled  with  eflfentialdil  of  turpentine,  a  fmaU 
light  may  b*  fcen  from  time  to  time  in  tile  body 
of  the  fluid.  If  common  oil  is  ufcd,  tAe  point 
will  take  fttong  fparks,  and  the  eledtrfe  fllM,  in 
endeavouring  to  reach  k,  wiH  occafion  an  ebulli- 
tion in  the  oil. 

So  that  the  e!e<5Wc  fpark  depends  ki  a  great 
meafure  on  the  conducing  power  of  the  medium 
through  which  it  pafie*. 

If  Small  boats  or  little  fwans,  &c.  are  made 
of  corV^r  light  wood,  they  may  be  attra&d, 
and  made  to  twim  in  any  dire&ion,  by  apply-* 
a  fihger  towards  them ;  a  fine  needle  ftuck 
ito  the  end  of  the  boats,  in  the  manner  of  a- 
bowfyrit,  will  caufe  them  to  be  repelled  fion 
the  hand  held  over  k,  and  they  may  be  fleered 
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by  ft,  fttffli  foremoft,  to  what  point  of  the  conw 
paft  yotf  pteaft.  The  boats  might  have  th* 
addition  of  fink  to  them,  and  might  thai  be 
rtwrdfe  to  mote-brifldf  before  an  eledrical  galcy 
from  the  point  of  a  #lreheld  in  the  hand. 

The  operator  in  thefe  tricks  would  certain!^ 
be  looked  upon  a*  a  magician,  if  the  electrical- 
machine  is  kept  out  of  fight.  But  a  more  ftrilu 
ing  fight,  would  be  a  number  of  thefe  beaf$ 
with  each  of  them  a  twirling  fly,  about  an  inch 
in  length,  ftxt  to  the  top  of  the  maft ;  the  hanef 
held  over  them  would  fee  them  all  in  motion :  k* 
the  dark*  they  would  appear  as  fo  many  rings  o£ 
fire,  mot  ing  in  variomeetiffta,  and  following  die 
hand  in  any  dJrt€Hon. 

When  a  few  young  perfom  hate  nothing  effc 
to  &>;  they  might  very  innocently  amttfe  thenv- 
fifties,  by  making  a  rtprefentation  of  a  kind  of 
icn»engagcment  bet  ween  tncle  ooeta#  Suppofing 
eekch  of  them  large  enough  w  hold  afmall  coated: 
jfttlal  without  finking,  thefe  phials  may  be 
chatg&l,  fome  of  them  pofirivdy  on  the  infide, 
idhct*  negatively?  they  may  then  be  placed  at  the 
bow  df  the  boat;  with  the  wire  ball  and  uncoatctf 
part  of  the  phial*  projecting  over ;  afmall  brafir 
chain  fhould  be  made  to  touch  the  outward  coat- 
ing of  the  phial;  and  the  other  end  brought  over 
the  ftcrn  of  the  boat,  and  hang  fo  a*  to  touch  the 

water* 
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water.  The  boats  being  then  put  into  a  trough 
of  water,  and  pretty  highly  charged,  they  will 
foon  be  in  motion ;  thofc  that  areele&rified  alike/ 
will  repel  each  other;  and  thofc  poflefledcfa 
contrary  elcdtricity,  will  be  attra&ed,  till  tpc 
balls  of  the  two  phials  approach  pretty  nearfo- 
gcther ;  they  will  then  difcharge  their  contents 
with  a  loud  expiofion,  and  the  boau  will  after- 
wards fheer  from  each  other/ 

When  the  ele&ric  fluid  percolates  a  wooden 
point,  the  dream*  or  cone,  which  iflues  from  it, 
fecms  diluted,  and  fomething  fimilar  to  the  pur- 
ple ele&ric  light,  which  is  obtained  ;in,  vacuo. 
The  a&ion  of  the  eledric  fluid  on  the  air,  by  an 
eledrified  point,  produces  a  fenfible  aura,  or 
wind,  of  fufficient  force,  as  is  fcen  above,  to 
put  light  bodies  in  motion,  or  difturb  the  flame 
of  a  candle,  and  occafion  an  undulation  in  the 
fluids :  the  a&ion  of  the  fluid  is  fo  modified  by 
points,  as  to  produce  an  agreeable  fcn&tion, 
refembling  a  gentle  breathing:  this  fenfation 
may  be  rendered  more  or  Ids  ftimulating,  by  the 
refinance  the  fluid  meets  with  in  it's  a&ion  on 
our  bodies,  an  effeft  which  is  produ&ve  of  great 
advantages  in  medical  electricity. 

J  Bcckct's  Effay  on  Elcftricity,  p.  s?« 

CHAP, 
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CHAP.     VII. 

f 

Of  the  Leyden  Phial* 

THE  experiments  upon  the  Leyden  phial 
are  fome  of  the  mod  interefting  in  elec- 
tricity ;  they  excited  the  attention  of  the  philo- 
fopher  to  this  fubje&  more  than  any  other  expe- 
riment, and  are  ftill  viewed  with  wonder  and 
furprize. 

The  phenomena  attending  this  very  extra- 
ordinary experiment  itemed  totally  inexplicable, 
till  they  were  elucidated  by  the  ingenious  theory 
of  Dr.  Frahklin ;  which,  in  a  plain  and  clear 
manner,  accounts  for  mod  •  of  the*  difficulties 
which  attend  this  intricate  brahch  of  ele&ricity ; 
and  accommodates  itfelf  fb  cality  and  fatisfa&orily 
to  a  variety  of  appearances,  as  to  make  us  almoft 
lofe  fight  of  die  objections  againft  it. 

Experiment  lxxxii. — Place  the  brafs  ball  of 
a  coated  jar  in  contaft  with  the  prime  conductor 
while  the  outfide  communicates  with  the  table, 
turn  the  cylinder,  and  the  bottle  will  in  a  little 
time  be  charged,  or  modify  the  eleftric  fluid  in 
a  peculiar  manner.  To  difcharge  the  jar,  or 
reftore  it  to  it's  natural  date,  bring  one  end  of 

aeon* 
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a  conducing  fubftance  in  contad  with  the  outfide 
coating,  and  let  the  other  be  brought  near  the 
knob  of  the  jar  which  communicates  with  the 
infide  coating,  a  ftrong  explofion  will  take  place, 
the  eledtric  light  will  bevifibk,  and  the  report 
<very  loud. 

Experiment  lxxxiii.— tChaige  the  Lcydco 
battle,  then  touch  the  outfide  coating  with  one 
hand9  and  the  knob  with  die  other,  the  book 
will  be  difcharged,  and  a  fudden  peculiar  fitpla- 
tion  will  be  perceived,  that  is  called  die  ekftric 
{hock.  The  (hock,  when  it  k  taken  mj^utiBaa- 
.ner,  generally  affe&s  the  wrifts,  dbtws,  and 
breaft:  when  the  ihock  it  ftrong,  UiefcnuMesan 
univerfal  blow.  This  peculiar  feafiuaon  improba- 
bly owing  to  the  two-fold  and  inftantancous  ac- 
tion of  the  eledric  fluid,  which  entersaiid  goes  out 
of  the  body,  and  the  various  parts  through  which 
it  pafles,  at  one  and  the  lame  inflant.  It  has  been 
alfo  obferved,  that  nature  has  appointed  a  certain 
.  modification  of  the  eleQric  fluid  in  all  terreftrial 
bodies,  which  we  violate  ki  our  experiments; 
when  this  violation  is  fmall,  the  powers  of  nature 
:  operate  in  a  gemie  manner  to  re&ify  the  diiibrdcr 
we  have  introduced ;  but  when  the  deviation  is 
confiderable,  the  natural  powers  refloie  the 
original  conftitution  with  extreme  violence. 

If 
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If  fevcral  perfons  join  hands,  and  the  firft 
touches  the  outfide  of  a  charged  jar,  and  the  laft 
the  knob,  the  bottle  will  be  difcharged,  and  they 
will  all  feel  the  fhock  at  the  fame  inftant  •  but  the 
greater  the  number  of  perfons  that  join  hands  to 
take  a  (hock,  the  weaker  it  is. 

flThe  force  of  the  (hock  is  in  proportion  to  the 
quantity  of  coated  furfaces,  the  thinnefs  of  the 
glafs,  and  the  power  of  the  machine ;  or,  the 
efFeft  of  the  Leyden  phial  is  incrcafed,  in  pro. 
portion  as  we  deftroy  the  equilibrium  on  the 
furfaces. 

A  given  quantity  of  eledtricity,  impelled 
through  our  body  with  a  given  force,  produces 
a  weaker  fenfation,  than  twice  that  quantity 
impelled  with  half4  that  force,  and  confequently 
the  ftrength  of  the  fhock  depends  rather  more 
on  the  quantity  of  fluid,  which  pafles  through 
our  body,  than  on  the  force  with  which  it  is  im- 
pelled. Yet,  the  force  of  an  explofion  feems  to 
depend  more  on  the  degree  to  which  the  fluid  is 
compreffed,  than  on  the  quantity  ;  hence  a  fmall 
phial  fully  charged  will  ad  nearly  as  flrong  as  a 
larger  jar  which  is  half  charged. 

If  a  charged  jar  is  coated  very  high,  it  will 
difcharge  itfelf  before  it  has  received  near  the 
charge  it  would  take  if  the  coating  was  lower. 
If  it  is  coated  very  low,  this  part  of  the  furface 
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may  be  charged  very  high,  but  a  confiderable 
part  of  the  glafc  is  not  charged  at  all. 

When  ajar  is  charged  very  high,  it  will  often 
explode  or  difcharge  itfclf  over  the  glad  from  one 
coated  furface  to  the  other ;  or,  if  the  glafi  is 
thin,  it  will  make  a  hole  through  it,  and  fwdl 
the  coating  on  both  fides,  the  glafs  in  tbchple 
will  be  pulverized,  and  very  often  a  variety  of 
Allures  will  proceed  from  it  in  various  direftkw. 

A  Ley  den  jar  very  often  recovers  it's  elasticity, 
in  a  fmall  degree,  after  a  difcharge  has  been 
made ;  this  fecond  explofion  is  called  the  itfi- 
duum  of  a  charge.  *  • 

The  form  or  fize  of  the  glafs  is  no  wayimarerifd 
to  the  receiving  of  a  charge. 

To  avoid  receiving  the  de&rfc  (hock,  be 
careful  never  to  touch  the  top  and  bottom  of  the 
jar  at  the  fame  time,  and  never  to  enter  a  circuit 
formed  between  the  infide  and  outfide  of  a  jar  * 
for  the  effect  of  the  Ley  den  phial  depends  entirely 
on  the  reciprocal  adtion  of  the  two  furfaccs,  and 
does  not  take  place,  when  either  is  touched  fcpa- 
rately.  By  attending  to  this  obfervation,  jars  of 
any  fize  may  be  handled  with  fafety.  Indeed! 
the  human  frame  makes  fo  little  refinance  to 
the  free  paffage  of  this  fubtle  agent,  that  no 
other  inconvenience  will  attend  a  (hock  from  a 

common- 
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common-fized  charged  jar,  than  a  tranfient  dife* 
grceable  fenfation. 

Touch  the  knob  of  a  charged  jar,  no  (hock 
will  enfue ;  but  the  finger,  or  part  that  touches 
the  ball  of  the  jar,  will  be  affe&ed  with  a  (harp 
fenfation,  as  if  it  had  been  pricked  with  a  needle* 
The  difcharge  is  filent  and  without  an  explofion, 
when  the  communication  between  the  two  fides 
of  the  jar  is  made  by  imperfedt  conductors. 

A  charged  phial  fet  upon  ele&ric  fubftances, 
may  be  taken  hold  of  without  danger,  either  by 
the  coating  or  the  wire ;  a  fmall  fpark  only  will 
proceed  from  either. 

Dr.  Franklin's    Thiory    of    the    L*ypen 

Bottle. 

Glafs  is  fuppofed  to  contain  at  all  times,  on 
it's  two  furfaces,  a  large  quantity  of  the  ek&ric 
fluid,  which  is  fb  difpofed,  that,  if  yoij  incretfe 
the  quantity  on  one  fide,  the  other  muft  throw 
off  an  equal  proportion ;  or,  when  one  fide  is 
pofitive,  the  other  muft  be  negative.  Now,  33 
no  more  of  the  ele&ric  fluid  can  be  forced  on 
one  fide,  than  can  go  off  on  the  other,  there  19 
no  more  in  the  bottle,  after  it  is  charged,  than 
was  there  before ;  the  quantity  is  neither  in- 
creased or  lefiened  on  the  whole,  though  a  change 
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may  be  made  in  it's  place  and  fituation ;  i.  e.  we 
may  throw  an  additional  quantity  on  one  of  it's 
fides,  if,  at  the  fame  time,  an  equal  quantity 
can  efcape  from  the  other,  and  not  otherwife. 
That  this  change  is  effeded  by  lining  parts  of 
it's  two  furfaccs  with  a  non-eledric ;  through  the 
mediation  of  which,  we  are  enabled  to  convey 
the  elc&ric  fire  to  every  phyfical  point  of  the 
furface  we  propofe  to  charge,  where  it  exerts  it's 
adivity  in  repelling  the  elc&ric  particles  natu- 
rally belonging  to  the  other  fide ;  all  of  which 
have  an  opportunity  of  efcaping  by  the  lining 
in  contadt  with  this  furface,  which,  for  that 
purpofc,  muft  communicate  with  the  earth: 
when  the  whole  quantity  belonging  to  this  fur- 
face has  been  difcharged,  in  confequence  of  an 
equal  quantity  thrown  upon  the  other  furface, 
the  bottle  is  charged  as  much  as  it  can  poflibly 
be.  The  two  furfaces  are  at  this  time  in  a  date  of 
violence;  the  inner,  or  pofitive  fide,  ftrongly 
difpofed  to  part  with  it's  additional  fire;  and  the 
outer,  or  negative  fide,  equally  delirous  to  attract 
what  it  has  loft ;  but  neither  of  them  capable  of 
having  a  change  in  it's  ftate  effedted,  without  the 
equal  and  cotemporary  participation  of  the  other. 
That  not  with  (landing  the  vicinity  of  thefe  two' 
furfaccs,  and  the  ftrong  difpofition  of  the  eledric 
fluid  contained  in  one  of  them,  to  communicate 
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it's  fuperabundance  to  the  other,  and  of  that  to 
receive  it,  yet  there  is  an  impenetrable  barrier 
between  them ;  for  fo  impermeable  is  glafs  to 
the  ele&ric  fluid,  (though  it  permits  one  fide  of 
it  to  aft  upon  the  other,)  that  it's  two  furfaces 
remain  in  this  ftate  of  contrariety,  till  a  commu- 
nication is  formed  between  them,  ab  extra,  by  a 
proper  conductor,  when  the  equilibrium  is 
fuddenly  and  violently  reftored,  and  the  ek&ric 
fluid  recovers  it's  original  ftate  of  equality  on  the 
two  fides  of  the  glafs. 

The  Lsyden  Phial  considered  in   a   dif- 
ferent Point  or  Vie*. 

We  have  already  (hewn,  that  whenever  a 
quantity  of  the  cle&ric  fluid  is  brought  within  a 
certain  diftance  of  the  furface  of  any  body, 
(whether  metal,  wood,  or  glafs,)  it  will  always 
produce  on  that  body  a  contrary  electricity ;  am) 
this  more  readily,  and  permanently,  when  the 
body  has  a  communication  with  the  earth. 

The  equilibrium  will  not  be  reftored  fo  long 
as  the  power  continues  of  the  fame  force,  and 
a&ing  at  the  fame  diftance ;  but  the  nearer  this 
power  is  brought  to  the  furface,  the  greater  is 
the  effedt  it  will  produce.  It  has  alfo  been  (hewn* 
that  the  eledric  fluid  will  communicate  thefc 
%  powers 
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powers  through  glafs,  nearly  as  wdl  as  through 
air. 

Now  as  glafs  refills  the  paflage  of  tW  fluid 
more  than  wood  or  metal,  the  fluid  will  be  longer 
in  paffing  through  a  given  length  of  glafe,  thin 
through  the  fame  length  of  wood  or  metal. 

But  by  means  of  the  metallic  coating  oil  cm 
fide  of  the  glafs,  the  ele&ric  fluid  is  placed  fa 
the  moft  advantageous  fituation  for  producing  a 
ftrong  and  uniform  adtion  on  the  century  fide, 
on  which  the  refiftance  is  lefleoed  with  as  great 
advantages  by  the  other  metallic  coating,  which 
is  connected  with  the  earth  ;  and  this  contrariety 
will  continue  till  the  equilibrium  is  reftored  by 
connecting  the  oppofite  fide  with  a  condudor. 

When  an  ele&ric  is  excited,  the  two  powers 
are  faid  to  be  feparated :  they  are  alfo  known  to 
repel  their  own  particles,  and  attraft  the  con- 
trary. When  one  fide  of  a  jar  is  made  pofitive, 
may  it  not  repel  the  pofitive  ele&ricky  from  the 
other  fide,  feparating  it  from  the  negative,  which 
is  ftrongiy  attracted  through  the  glafe  ? 

The  outfide  of  the  jar  cannot  then  be  laid  to 
be  deprived  of  it's  ele&ricity,  but  only  has  it's 
fluid  changed ;  and  when  the  fluids  are  feparated. 
they  are  ever  eager  to  conjoin  again,* 

Combined 

♦fee  Edert  Wiilofophicai  £(bysf  Wilfotft  Short  View 
cf  fibfeicity  i  and  Milner>  Obfervations  on  Ekaridty. 
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Combined  Apparatus, 

The  apparatus  reprefented  fig.  49,  will  be 
found  exceedingly  convenient  for  making  a  va^- 
riety  of  experiments  on  the  Leyden  phial.  I 
have  endeavoured  to  combine  the  parts  of  it  in 
fuch  manner,  as  to  render  the  apparatus  exten- 
fively  ufeful,  without  being  complicated.  A  is 
an  infulated  pillar  of  glafs>  which  is  fcrewed  to 
the  wooden  foot  B  :  all  the  different  parts  of  the 
apparatus  may  be  fcrewed  alternately  on  tjiis 
pillar.  C  is  an  exhaufted  tube  of  glafs,  furnifhed 
at  each  end  with  brafs  caps :  at  the  end  D  is  a 
valve,  properly  fecured  under  the  brafs  plate ; 
a  brafs  wire,  with  a  ball,  projects  from  the  up- 
per cap ;  a  pointed  wire  proceeds  from  the 
bottom  plate ;  this  tube  is  called  the  luminous 
condudor.  The  flafk,  reprefented  at  E,  is  cal- 
led the  Leyden  vacuum.  It  is  furnifhed  wjf|i  a 
valve  under  the  ball  £ ;  this  ball  unferewff,  ii| 
order  to  come  more  readily  at  the  valve :  a  wire, 
with  a  blunt  end,  projedts  a  little  below  the  neck 
of  the  flafk ;  the  bottom  of  the  flafk  is  coated 
with  tin-foil :  a  female  fcrew  is  cemented  to  the 
bottom,  in  order  to  fcrew  it  on  the  pillar  A. 

F  is  a  fyringe  to  exhauft  the  air  occafionally, 
either  from  the  luminous  condudor,    or  the 

Leyden 
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Leyden  vacuum.  To  do  this,  unfcrew  the  ball 
of  the  Leyden  vacuum,  or  the  plate  of  the  lumi- 
nous condudor,  and  then  fcrew  the  fyringe  in 
the  place  of  either  of  thefe  pieces,  being  careful 
that  the  bottom  of  the  female  fcrew  G  bears  clofc 
againft  the  leather  which  covers  the  fhoulden  a 
b,  cd,  then  work  the  fyringe,  and  in  a  few 
minutes  the  glafles  will  be  fufficiently  exhauftcd. 
H  and  I  are  two  Leyden  bottles,  each  of  which 
has  a  female  fcrew  fitted  to  the  bottom,  in  order 
that  they  may  be  conveniently  ferewed  on  the 
pillar  A.  The  bottle  H  is  furnifhed  with  a  belt, 
that  it  may  be  ferewed  fideways  on  the  pillar  A* 
K  and  L  are  two  fmall  wires,  which  are  to  fcrew 
occafionaUy  into  either  the  ball  E,  the  knobs  e 
or  f,  the  cap  c,  or  the  focket  g,  on  the  top  of 
the  pillar:  the  balls  may  be  unferewed  from 
thefe  wires,  which  will  then  exhibit  a  blunt 
.  point.  M  is  a  wooden  table  to  be  ferewed  on 
,  the  glafs  pillar  occafionaUy. 
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exptrimentson  charging  and  discharging 
the  Leyden  Phial,  intended  to  elucidate 
And  confirm  Dr.  Franklin's  Theory. 

Experiment  lxxxiv. — Screw  a  Leyden  phial, 
whofe  coating  is  free  from  points,  upon  an  infu- 
lated  ftand,  and  place  it  fo  that  it's  knob  may 
be  in  contaft  with  the  conductor,  taking  care  that 
no  conducing  fubftance  is  near  the  coating  of  the 
jar;  turn  the  cylinder  round  a  fufficient  number 
of  times  to  charge  the  phial,  then  examine  it 
-with  a  difcharging  rod,  and  you  will  find  it  had 
received  no  charge ;  which  fhews  clearly,  thai: 
except  the  ele&ric  fluid  can  efcape  from  one  fide 
of  the  jar,  it  can  receive  none  on  the  other.  If 
there  are  any  points  on  the  coating,  or  damp  on 
the  ftand,  die  fluid  will  be  carried  off  by  them, 
and  the  jar  will  receive  a  fmall  charge.  The  air, 
which  furrounds  the  coating,  will  alfo  fbmetimes 
carry  oflfa  fmall  quantity  of  eledtricity.  ^ 

Experiment  lxxxv. — Place  the  fame  infiu 
lated  phial  fo  that  it's  knob  may  be  about  half  an 
inch  from  the  conductor,  and  while  the  cylinder 
is  turning,  hold  a  brafs  knob  near  the  coating  of 
the  jar  ;  this  knob  will  receive  a  fpark  from  the 
coating  for  every  one  that  pafles  between  the 
.cotqduftor  and  the  knob,  and  the  jar  will  in  a 
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little  time  be  charged,  by  adding  ele&ricity  to 
Qne  fide,  an<l  taking  it  away  from  the  other. 

Experimwt  lxkxvi. — Screw  the  phial  a,  fig, 
43,  en  the  infulated  pillar  df  and  bring  it's  knob 
in  conta&with  the  condu&or  j  hold  another  bode 
c,  of  the  lame  fizc  with  a,  fo  (hat  it's  knob  may 
be  in  contadt  with  the  outfide  coating  of  the  bot* 
tie  a  s  turn  the  cylinder,  and  when  the  bottle  a 
is  charged,  place  c  on  the  table,  then  unferew 
a  from  it's  (land,  and  place  it  alfo  on  the  table, 
but  at  fome  diftance  from  the  other  $  fit  a  brafe 
ball  to  the  bottom  ftem  of  the  quadrant  elec- 
trometer/ an4  hold  the  ele&rometer  by  a  filk 
firing,  fo  that  the  brafs  ball  May  touch  the  knob 
of  the  bottle ;  obferve  at  what  height  the  index 
pf  the  electrometer  ftands,  and  then  remove  it 
to  the  other  bottle,  which  will  raife  the  index  to 
the  fame  height ;  (hewing  clearly,  that  the  bottle 
has  thrown  off  from  the  outfide  as  much  elec- 
tricity as  it  received  on  the  infidc. 

i 

Experiment  lxxxvii.— Place  the  knob  of  an 
infulated  bottle  in  contad  with  a  pofitive  con- 
duftor,  and  conneft  the  outer  coating  with  the 
cuftiiop,  or  a  negative  condu&or,  turn  the  cy- 
linder, and  the  bottle  will  be  charged  with  it's 
pwn  cleftriGityj   the    fluid  from  the  exterior 
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Coating  being  transferred  to  the  interior  one; 
the  bottle  is  charged  in  this  inftance  without 
any  communication  with  the  earth. 

Experiment  lxxxviii.— Charge  the  two 
bottles,  fig.  43,  pofitively ;  conned:  their  out- 
fide  coatings  by  a  wire  or  chain,  then  bring  their 
knobs  together,  there  will  be  no  fpark  between 
them,  and  the  bottles  will  not  be  difcharged, 
becaufe  neither  fide  has  any  thing  to  communi- 
cate to  the  other- 

Experiment  lxxxix.— Charge  the  infulated 
bottle,  fig.  43,  negatively,  and  the  other  pofi- 
tively ;  conned:  the  coating  by  a  chain,  and  bring 
the  knobs  towards  each  other,  an  explofion  will 
take  place,  and  the  bottles  will  be  difchafged* 
If  a  lighted  candle  is  placed  between  the  knobs, 
the  explofion  will  be  made  through  the  (lame  in 
a  beautiful  manner,  and  at  fome  inches  diftance. 
See  fig.  44« 

Experiment  xc. — Fix  a  quadrant  ele&ro* 
meter  to  the  ball  of  a  Leyden  bottle,  and  charge 
it  negatively;  when  it  has  received  a  full  charge, 
the  index  will  (land  at  90  degrees ;  then  place 
the  bottle  with  it's  ele&rometer  at  the  pofitive 
conduftor,  turn  the  cylinder,  the  cledrometcr 
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will  defcend,  and  the  bottle  will  be  dMchacged 
by  the  contrary  clc&ricity. 

'Experiment  xci. — Infulate  two  Leyden  bot- 
tles; let  their  coatings  be  in  contact,  and  while 
you  charge  the  irifide  of  one  pofitivdy,  kt  a 
pcrfon,  (binding  on  the  floor,  touch  the  top  of 
the  other  with  his  finger,  and  it  will  be  charged 
negatively. 

Experiment  xcii. — LM,  fig.  45,  iqwtfarts 
a  Leyden  jar,  which  is  furnilhed  with  moveable 
coatings  of  tin;  die  inner  one,  N,  may  be  re- 
moved by  the  filk  firings  f,  g,-h ;  the  jar  may  be 
taken  from  it's  outer  eclating. 

Charge  the  jar,  and  then  remove  the  coatings, 
bring  a  pair  of  pith  balls  towards  the  jar,  and 
they  will  be  ftrongly  attra&ed  by  it ;  replace  the 
coatings,  and  the  jar  will  give  a  confidcrablc 
ihock;  which  thews,  that  the  power  or  force  of 
the  charge  is  refident  in  the  glafi,  and  not  in  the 
coatings. 

Experiment  xciii. — T  V.  fig.  46,  reprefents 
a  bottle,  whofe  exterior  coating  is  formed  of 
fmall  pieces  of  tin-foil,  placed  at  a  little  diftance 
from  each  other.  Charge  this  bottle  in  the  ufual 
manner,  and  ftrong  fparks  of  eledricity  will  pais 

from 
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from  one  fpot  of  tin-foil  to  the  other,  in  ^va- 
riety of  directions ;  the  reparation  of  the  tin4bil 
making  the,  palfage  of  the  fluid  from  the  outfide 
to  the  table  vifible.  Difcharge  this  bottle,  by 
bringing  a  pointed  wire  gradually  near  die  koob, 
and  the  tincoated  part  of  the  glafe  betweeti  the 
fpots  will  be  ptealingly  illuminated,  land  the 
noife  will  refetable  that  of  fmaU  fired  crackftn. 
If  the  jar  is  difcharged  fuddenly,  the  whole  out* 
fide  furface  appears  illuminated.  To  produce 
thefe  appearances,  the  glafs  mud  be  very  dry. 

Experiment  xciv. — String  a  pared  of  <hot  on 
a  fHk  firing,  leaving  a  fmall  fpace  between  eack 
of  them;  frfpend  this  from  the  condu&or,  4b 
chat  it  may  reach  the  bottom  of  a  coated  jihial, 
which  is  placed  on  an  infulated  ftand ;  connect 
another  ftring  of  4hot  to  the  bottom  of  die  jar, 
and  let  it  communicate  with  the  table,  turn  the 
machine,  and  a  vivid  ipark  will  be  fcen  between 
each  of  the  (hot,  both  within  and  without  the 
bottle,  as  if  the  fire  paffed  through  the  glafs. 

Experiment  xcv.— Hold  a  phial  in  thehand 
which  has  no  coating  on  the  outfide,  and  preferit 
it's  knob  towards  an  electrified  condu&or ;  the 
fire,  while  it  is  charging,  will  pa  fs  from  the  out- 
iide  to  the  hand,  in  a.  pleafing  itianner ;  on  the 

difcharge, 
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difchaige,  beautiful  ramification*  will  proceed 
from  thai  knob  of  the  difchaigcr  which  is  on  the 
outfide  all  over  the  jar. 

ExrauifBNT  xcvi.— Let  a  chain  be  fufpended 
from  the  coodu&or  and  pafs  into  an  uncoatcd 
bottle,  fo  that  k  docs  not  touch  the  bottom  i 
put  the  machine  in  a<flion,  and  the  chain  will 
move  round,  in  order,  as  it  were,  to  lay  the  fire 
on  the  infide  of  the  jar,  and  thus  chaige  it  by 


Experiment  xcvii.— Fig.  47  reprefents  two 
Leyden  phials,  placed  one  over  the  other.  Va- 
rious experiments  may  be  made  with  this  double 
bottle,  which  are  very  plcafing,  and  elucidate 
clearly  the  received  theory. 

Bring  the  outfide  coating  of  the  bottle  A  in 
contaft  with  the  prime  conduQor,  and  turn  the 
machine  till  the  bottle  is  charged,  then  place 
one  ball  of  the  difcharging  rod  upon  the  coating 
of  B,  and  with  the  other  touch  the  knob  of  the 
jar  A,  which  will  caufe  an  explofion.  Now  place 
one  ball  of  the  difcharger  on  the  knob  of  A,  and 
bring  the  other  ball  to  it's  coating,  and  you  have 
a  fecond  difchaige.  Again,  apply  one  ball  of 
the  difchaiger  on  the  coating  of  B,  and  carry 
the  other  to  the  coating  of  A,  and  it  will  pro- 
4  duce 
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<!uce  a  third  explofion.  A  fourth  is  obtained  by 
applying  the  difcharger  from  the  coating  of  A  to 
it's  knob. 

The  outer  coating  of  the  upper  jar  communi- 
cating with  the  infide  of  the  under  one,  conveys 
the  fluid  from  the  condudtor  to  the  large  jar, 
which  is  therefore  charged  pofitivcly ;  the  upper 
jar  does  not  charge,  becaufe  the  infide  cannot 
part  with  any  of  it's  eledtric  fluid ;  but  when 
a  communication  is  formed  from  the  outfide  of 
A  to  the  infide  of  B,  part  of  the  fire  on  the  infide 
of  A  will  be  conveyed  to  the  negative  coating  of 
B,  and  the  jar  will  be  difcharged.  The  fccond 
explofion  is  occafioned  by  the  difcharge  of  the 
jar  A;  but  as  the  outfide  of  this  communicates, 
by  conducting  fubftances,  with  the  pofitive  infide 
of  the  jar  B,  if  the  ball  of  the  difcharging  rod 
remains  a  fmall  time  after  the  difcharge  on  the 
knob  of  A,  part  of  the  fire  of  the  infide  of  A  will 
efcape,  and  be  replaced  by  an  equal  quantity  on 
the  outfide  from  the  jar  B,  by  which  means  A  is 
charged  a  fecond  time;  the  difcharge  of  this 
produces  the  third,  and  of  B  the  fourth  explo- 
sion. 


The 
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The  following  pleasing  Variations  Of  the 

FOREGOING  EXPERIMENT    WERE  COM»f(U$lG4r 
TED  TO  ME  *Y  Mr.  J.  FELL,  OF  UlVft^^p.' 

A  the  upper  bottle,  B  the  under  bottle. 

Knob  of  A  applied  to  the  conduQor,  and  the 

charge  given. 
1  ft  discharge.     Balls  of  difcharger  from  cqating 

of  A  to  knob  of  A. 
ad  ditto.  From  coating  of  B  to  knob  ojt  A. 

3d  difcbarge.     From  coating  of  B  to  coating 

of  A. 
4th  ditto.  From  coating  of  A  to  kfeqb  of  A* 

Costing  of  A  applied  to  the  conductor,  and  the 

charge  given. 
I  ft  difcharge.     Balls  of  difcharger  from  coating 

of  B  to  knob  of  A. 
sd  ditto.  From  coating  of  A  to  knob  of  A. 

3d  ditto.  From  coating  of  B  to  knob  of  A. 

4th  ditto.  From  coating  of  B  to  coating 

of  A. 
5  th  ditto.  From  ^coating  of  A  to  knob  of  A, 

Coating  of  A  applied  to  the  condu&or,  and  the 
charge  given,  touch  the  knob  of  A  with  one 
ball  of  the  difcharger,  the  other  ball  com- 
municating with  the  earth,  then  proceed  a$ 
follows. 

Jtftdif, 
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1  ft  difcharge.     Balls  of  difcharger  from  coating 

of  A  to  knob  of  A, 
ad  ditto.  From  coating  of  B  to  knob  of  A. 

3d  ditto*  From  coating  of  A  to  knob  of  A. 

4th  difcharge.    From  coating  of  B  to  knob  of  A. 
Go  on  thus  alternately,  and  fifteen,  fixteen,  or 
more  difcharges  may  be  produced. 

The  contrary  State  of  the  two  opposite 
Sides  of  a  charged  Leyden  Bottle,  shewn 

BY  THEIR   RESPECTIVE   ATTRACTIVE   AND    re- 
pulsive Powers. 

Experiment  xcvin. — Screw  the  bottle  H, 
fig.  49,  with  the  belt  fide  ways  on  the  infulating 
ftand,  as  in  fig.  48,  and  charge  it  pofitively, 
then  touch  the  knob  with  a  pair  of  pith  balls, 
thefe  will  diverge  with  pofitive  eleftricity  ;  hold 
another  pair  to  the  coating,  and  they  will  fe- 
parate  with  negative  eledtricity. 

Experiment  xcix. — Eledtrify  two  pair  of  the 
pith  balls  which  are  fixed  to  the  brafs  tubes,  as 
in  fig.  22,  plate  II.  by  the  knob  of  a  pofitively 
charged  bottle,  and  place  them  at  a  fmall  diftance 
from  each  other,  then  pufh  them  together  till 
the  ends  of  the  tubes  are  in  contadt,  and  the 
balls  will  remain  in  the  fame  ftate  they  were  in 

R  before 
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before  they  were,  brought  together,  becaufe  their 
elcdricity  is  of  the  fame  kind.  The  refult  is  the 
fame  if  both  pair  are  eledjrified  by  the  coating  j 
but  if  one  pair  is  electrified  by  the  coating  and 
the  other  by  the  knob,  when  they  arc  brougfr 
in  contad  they  immediately  clofe. 

Experiment  c. — A  cork  ball,  or  an  artificial 
fpider  made  of  burnt  cork  with  legs  of  linen 
thread,  fufpended  by  filk,  will  play  between  the 
knobs  of  two  bottles,  one  of  which  is  charged 
pofitively,  the  other  negatively,  and  will  in  a 
little  time  difcharge  them. 

Experiment  ci.— A  ball  fufpended  on  ftik, 
and  placed  between  two  brafs  balls,  one  proceed- 
ing from  the  outfide,  the  other  from  the  infide 
of  a  Leyden  jar,  when  the  bottle  is  charged,  will 
fly  from  one  knob  to  the  other,  and  by  thus 
conveying  the  fire  from  the  infide  to  the  outfide 
of  the  bottle,  will  foon  difcharge  it. 

Experiment  cii. — An  infulated  cork  ball, 
after  having  received  a  fpark,  will  not  play  be- 
tween, but  be  equally  repelled  by  two  bottles 
which  are  charged  with  the  fame  power. 

■  *  * 

Experiment 
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fixpEktMtNT  cni.—- At  fig.  58  a  wire  is  fixed 
to  the  under  part  of  the  infulated  coated  phial, 
b  c  another  wire  fitted  to,  and  at  right  angles 
with  the  former,  a  brafs  fly  is  placed  on  the 
point  of  this  wire ;  charge  the  bottle,  and  all  the 
time  the  bottle  is  charging  the  fly  will  turn 
round ;  when  the  bottle  is  charged  the  needle 
ftops.  Touch  the  top  of  the  bottle  with  a  finger, 
Or  any  other  conducing  fubftance,  and  the  fly 
will  turn  again  till  the  bottle  is  discharged.  The 
fly  will  elecftrify  a  pair  of  balls  pofitively  while 
the  bottle  is  charging,  and  negatively  when  dis- 
charging. 

Experiment  civ.— Place  a  clean,  dry,  and 
excited  pane  of  glafs,  about  one  foot  fquare,  on 
an  infulated  box  with  pith  balls,  it  will  caufc 
the  balls  to  diverge  with  pofitive  ele&rieity,  and 
they  will  continue  to  repel  each  other  upwards* 
of  four  hours  in  dry  air.  When  the  balls  come 
together,  remove  the  glafe,  and  they  wvR  open 
with  negative  ele&ricity ;  replace  the  glafs,  anji 
they  will  ctafc ;  remove  it,  and  they  will  open 
again ;  and  thus  alternately  as  long  as  any  elec- 
tricity remains  in  the  glafs. 

if  she  pap?  erf  glafs  be  placed  in  a  ferae  of 
wood,  and  a  light  pith  or  cork  ball  be  laid  on  it's 
fitrfaee,  on  prefenting  towards  it  the  end  of  a 

R  2  finger, 
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finger,  or  the  point  of  a  pin,  the  ball  will  recede 
from  them  with  a  very  brifk  motion,  and  may 
thus  be  driven  about  on  the  furface  of  the  glais, 
like  a  feather  in  the  air  by  an  excited  tube.  The 
ball  being  deprived  of  it's  electricity  by  the  pin, 
it  inftantly  flies  to  that  part  of  the  giafs  which 
attrads  it  mod  forcibly. 

To  excite  the  pane  of  glafs ;  lay  it  upon  a 
quire  of  large  paper,  well  dried,  and  then  rub 
it  with  a  piece  of  clean  dry  flannel. 

The  contrary  States  op  the  different  Sides 
of  a  Leyden  Phial,  and  the  Direction 
of  the  Electric  Fluid  in  the  Charge  and 
Discharge  thereof,  investigated  by  the 
Appearance  of  the  Electric  Light. 

In  Chap.  VI.  we  obferved,  that  the  different 
appearances  of  light  on  eleftrified  points  was 
deemed  a  criterion  of  the  dire&ion  of  the  elec- 
tric fluid ;  that  the  luminous  ftar  (hews  a  point 
in  receiving  the  ele&ric  matter,  whilft  the  lu- 
minous brufli,  or  cone,  indicates  that  it  is  pro- 
ceeding from  a  point. 

We  (hall  now  examine  the  ftate  of  the  different 
fides  of  the  Leyden  bottle  by  thefe  appearances. 

Experiment 


*■■ 
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Experiment  cv. — Screw  the  jar  I  on  the  in- 
fulating  pillar,  and  the  pointed  wire  into  the 
hole  g>  place  another  pointed  wire  at  the  end 
of  the  condu&or,  bring  the  knob  of  the  jar  near 
this  wire,  and  then  turn  the  cylinder,  a  pencil 
of  rays  will  diverge  from  the  pointed  wire  in 
the  condudor  to  the  knob  of  the  jar,  at  the 
fame  time  another  pencil  of  rays  will  diverge 
from  the  point  at  the  bottom  into  the  air.     See 

fig.  So- 
Repeat  this  experiment  with  the  negative  con- 
ductor, and  a  luminous  ftar  will  appear  on  the 
end  of  each  wire. 

Experiment  cvi. — Screw  a  pointed  wire  into 
the  knob  of  the  jar,  (fee.  fig.  51)  charge 
the  bottle  pofitively,  the  fire  will  be  received 
from  the  condudtor  by  the  pointed  wire,  and 
appear  there  as  a  luminous  ftar,  while  the  wire 
on  the  outfide  of  the  jar  will  throw  off  a  diver- 
ging cone. 

Fig.  5  a  reprefents  the  foregoing  appearances 
reverfed,  by  charging  the  jar  negatively  at  the 
pofitive  conductor. 

This  experiment  may  be  further  varied,  by 
applying  the  bottle  to  a  negative  condu&or. 

Experiment 
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Experiment  evil. — After  the  jar  is  chaiged, 
«s  in  the  foregoing  experiments,  turn  that  wm 
from  the  cylinder  which  before  was  neveft  tak, 
then  put  the  machine  in  aftton,  and  the  afflux 
and  efflux  will  be  more  apparent  than  beta; 
one  point  throwing  off,  and  the  other  receiving 
the  fluid  with  extreme  avidity,  which  will  in  s 
little  time  difchaige  the  jar. 

Experiment  cviii. — Charge  the  jar  as  before, 
then  touch  the  wire  which  is  connected  with  the 
negative  fide,  and  the  oppofite  wilt  mil  throw 
off  a  diverging  cone ;  but  if  the  pofittve  fide 
is  touched,  a  luminous  cone  only  will  be  feen  on 
the  other  wire. 


Experiment  cix.— Fig.  53  is  an  elcftric  jar, 
$  B  the  tin-foil  coating,  C  a  ftand  which  fup- 
ports  the  jar,  D  a  focket  of  metal  which  carrici 
the  glafs  rod  E ;  a  curved  metallic  wire,  pointed 
at  each  end,  is  fixed  to  the  end  of  the  rod  G, 
which  rod  is  moveable  at  pleasure  in  a  fpring 
tube  N,  that  tube  being  fixed  by  a  focket  upon 
the  top  of  the  glafs  rod  E,  the  charging  wire 
communicates  with  the  different  divifions  of 
the  inlkk  coating  of  the  jar  by  horizontal  wires. 

Place  the  jar  as  ufual,  and  put  the  machine 
in  action*  a  fmall  luminous  fpark  will  appear 

upon 
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upon  the  upper  point  of  the  wire  F,  (a  plain 
indication  that  the  point  i$  then  receiving  elec-? 
tricity  from  the  upper  ring  of  the  coating  oq 
jhe  outfide  of  the  jar)  a  fine  ftream  or  pencil 
of  rays  will  at  the  fame  time  fly  off,  beautifully 
diverging  from  the  lower  point  of  the  wire  F 
upon  the  bottom  ring  of  the  coating  on  the  jar  ^ 
when  thefe  appearances  ceafe,  which  they  will 
as  foon  as  the  jar  is  charged,  let  a  pointed  wire 
be  prefented  towards  the  prime  condudor,  this 
will  foon  difcharge  the  jar  filently,  during  which, 
the  lower  point  will  be  illuminated  with  a  fmall 
{park,  while  the  upper  point  of  the  wire  will 
throw  off  a  pencil  of  rays,  diverging  towards  the 
upper  ring  of  the  coating. 

Experiment  ex. — Take  a  Leyden  phial,  the 
neck  of  which  fhould  not  be  very  broad,  fet  the 
coating  on  the  conductor,  and  charge  it  nega- 
tively ;  when  charged,  if  not  too  dry,  the  upper 
edge  of  the  coating  will  throw  off  one  or  more 
brufhes  of  light  into  the  air,  which  will  vifibly 
incline  towards  the  charging  wire  of  the  bottle, 
mid  fbmctimes  a&ually  reach  it.  Prcfent  the 
knob  to  the  prime  condu&or,  and  charge  the 
jar  pofitively,  a  fmall  fpark  of  light  will  firft  ap- 
pear on  the  edge  of  the  cork  in  the  neck  of  the 
bottle,  through  which  the  wire  pafles  after  a  few 
6  turns 
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turns  of  the  cylinder;  this  fpark  becomes  a 
brufh,  darting  out  from  the  cork,  and  gradually 
lengthening  till  it  forms  an  arch,  the  end  of  it 
extending  downwards  till  it  reaches  and  touches 
the  end  of  the  coating.  If  the  bottle  be  dry,  it 
wiH  in  both  cafes  be  difcharged  fpontaneoufly. 
See  fig.  54  and  55. 

Experiment  cxi.-rAn  infulated  pofitively 
charged  bottle  will  give  a  fpark  from  it's  knob 
to  an  excited  (lick  of  wax,  while  no  fpark  will 
pafs  between  it  and  an  excited  glafs  tube. 

Experiment  cxii. — Ananalyfis  of  the  Ley- 
den  phial,  by  means  of  the  Leyden  vacuum  E, 

fig.  49. Screw  this  on  the  infulated  (land, 

with  the  pointed  wire  from  the  bottom.  Fig. 
56  reprefents  the  appearance  of  the  fluid  on  the 
points  when  the  bottle  is  charged  negatively,  at 
a  conductor  loaded  with  pofitiye  cle&ricity. 

Fig.  57,  the  appearances  it  difplays  when  it  is 
charging  pofitively  at  the  fame  condu&or. 

Fig.  59  is  the  fame  bottle  charging  pofitively 
at  a  negative  conductor.  Fig.  60,  it  is  charging 
negatively  at  the  fame  condu&or. 

Experiment  cxiii. — Fig.  61  reprefents  the 
luminous  conductor  on  the  infulating  (land.     Set 

the 
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the  coUe&ing  point  near  the  cylinder,  and  place 
the  knob  of  an  uncharged  phial  in  contaft  with 
the  ball,  or  hang  a  chain  from  it  to  the  table, 
and,  on  working  the  machine,  the  ball  will  be 
enveloped  in  a  denfe  ele&ric  atmofphere.  .If 
the  point  be  brought  in  contact  within  infulated 
rubber,  and  a  communication  is  made  from  the 
ball  to  the  table,  the  atmofphere  will  be  on  the 
point  in  the  tube.  If  a  bottle,  pofitively  charged, 
be  prefented,  the  appearances  in  the  tube  will 
be  ad  delineated  in  fig.  62.  But  if  a  bottle  ne- 
gatively charged  be  thus  applied,  the  appearance 
will  be  as  in  fig.  61. 

This  tube,  when  mounted  on  it's  infulating 
ftand,  may  be  ufed  inftead  of  the  prime  con- 
doftor,  and  all  the  common  experiments  may 
be  performed  with  it ;  the  tube  will  be  luminous 
during  the  whole  of  the  operation. 

Of  the  Direction  op  the  Electric  Matter 
in  the  Discharge  of  the  Leyden  Phial. 

Experiment  cxiv. — Place  a  charged  jar  on 
a  fmaH  glafs  ftand  under  the  receiver  of  an  air- 
pump  ;  as  the  receiver  is  exhaufting  the  elec- 
tric fire  will  iflue  from  the  wire  of  the  phial,  in 
a  very  luminous  pencil  of  rays,  and  continue 

S  flafhing 
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flafhing  to  the  coating  till  the  air  is  exhauftett, 
when  the  jar  will  be  found  tobe  difchaigpd* 

If  the  phial  is  charged  negatively,  the  current 
of  fire  will  appear  to  have  a  different  diredion 
from  that  which  it  had  before. 

From  thisKxperiroent  we  may  infer  the  effeds 
of  the  atmofpheric  prcfliire  upon  the  chaige  oE 
the  Leyden  phial,  and  learn  that  it  is  the  na- 
tural boundary  to  every  charge  of  dbftricky  we 
can  give ;  and,  confeqoently,  that  a  phial  would 
contain  double  the  chaige,  in  air  dodbty  con- 
denfed,  as  it  does  in  die  common  atmofphcre, 
fince  it  would  increafe  the  intenfity  of  the  elec- 
tric atmofphere. 

Experiment  cxv. — Place  a  finall  lighted  ta- 
per between  the  two  balls  of  the  univerfal  dif- 
charger,  then  pafs  a  very  fmall  charge  of  a  po- 
fitive  phial  through  them,  and  the  flame  of  the 
taper  will  be  attra&ed  in  the  diredion  of  the 
fluid  towards  the  coating.     See.  fig.  63. 

Experiment  cxvi. — The  fame  (mall  charge 
from  a  negative  bottle  will  reverfe  the  appear- 
ance. 

In  both  thefe  experiments  it  is  neceflary  to  ufc 
the  lead  charge  that  can  be  given,  juft  fufficient 
to  leap  the  interruption  in  the  circuit. 

4  Experiment 
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Experiment  cxvii. — Place  a  card  on  the  ta- 
bic of  the  univerfal  difcharger,  and  bring  one 
of  the  points  under  the  card,  then  conned:  this 
point  with  the  coating  of  ajar  pofitively  charged, 
place  the  other  point  on  the  top  of  the  card,  and 
at  about  an  inch  and  a  half  from  the  forme  mow 
complete  the  circuit,  by  bringing  a  difcharging 
rod  from  the  laft  wire  to  the  top  of  a  bottle,  and 
the  elc&ricity  will  pals  through  the  upper  wire, 
along  the  furface  of  the  card,  till  it  comes  to  the 
point  which  is  underneath,  where  it  will  make 
a  hole  in  the  card,  and  pais  through  the  wire  to 
the  coating  of  the  bottle.     See  fig.  64. 

Experiment  cxviii. — Four  cork  balls,  A, 
B,  C,  D,  being  placed  at  equal  diftances  from 
each  other,  from  the  balls  of  the  difcharging 
rod,  and  from  the  coating  of  a  pofitively  charged 
bottle;  on  making  the  difchaige,  the  ball  A 
next  the  rod  was  repelled  to  B,  which  was  again 
repelled  to  C,  C  remained  immoveable,  but  D 
flew  to  the  coating  of  the  bottle. 

Experiment  cxix.— Take  a  card,  and  paint 
both  fides  with  cinnabar  about  the  breadth  of  the 

• 

finger,  fix  this  card  vertically  by  a  litde  wax  on 
the  table  of  the  univerfal  difcharger,  let  the 
pointed  ends  of  one  of  the  wires  touch  one  fide 

Sa  of 
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of  the  card,  and  the  end  of  the  other  wire  the 
oppofite  fide ;  the  diftance  of  the  points  from 
each  other  muft  be  proportioned  to  the  ftreagth 
of  the  charge ;  difcharge  a  jar  through  the  wire, 
and  the  black  mark,  left  by  the  explofion  on  the 
coloured  band,  (hews  that  the  electric  fluid  pafied 
from  the  wire,  communicating  with  the  infide 
of  the  bottle,  to  that  which  communicates  with 
the  outGde,  againft  which  it  makes  a  hole. 

Experiments  which  seem  to  militate  against 
the  received  Theory  or  Electricity. 

Experiment  cxx. — Let  the  furfaces  of  an 
electric  plate  be  very  (lightly  charged  and  infula- 
tcd,  let  an  interrupted  circuit  be  formed,  the 
two  powers  will  be  vifible,  illuminating  the  points 
of  the  interrupted  circuits,  and  each  power  will 
appear  to  extend  farther  from  the  furfacc  conti- 
guous to  it,  the  ftronger  the  charge  is  commu- 
nicated to  the  plate ;  but  if  the  illuminations 
on  each  fide  meet,  there  will  immediately  fol- 
low an  explofion  of  the  whole  charge.  The 
length  of  the  interrupted  circuit  ufed  for  this  ex- 
periment was  rwelve  feet.* 

Experiment  cxxi.— If  a  cylindrical  plate  of 

air, 

•  Atwood'i  analyGs  of  a  courfc  of  lcduits,  p.  121. 
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air,  contained  in  the  receiver  of  an  air-pump,  be 
charged,  it  is  obferved,  the  more  air  that  is  etf- 
terofted  from  between  the  furfaces,  the  more 
eafity  the  powers  will  unite. 

Experiment  cxxii. — If  an  exhaufted  receiver 
be  made  part  of  the  elettric  circuit,  and  the 
charge  fhould  not  be  fufficient  to  caufe  an  ex* 
plofion,  an  eleftric  light  will  appear  to  proceed 
in  oppofite  direftion  from  the  parts  communi- 
cating with  the  negative  and  pofitive  furfaces. 

Experiment  cxxiii. — Let  a  coated  phial  be 
fet  on  an  infulating  ftand,  and  let  it's  knob  be 
touched  by  the  knob  of  another  phial  negatively 
cle&rified,  a  fmall  fpark  will  be  fcen  between 
them,  and  both  fides  of  the  infulated  phial  will 
be  inftantly  negatively  eledrificd.* 

Fatten  a  pith  ball  cledtrometer  by  a  little  wax 
to  the  outfide  coating  of  ajar,  charge  the  jar 
flighdy  with  pofitive  electricity,  and  fet  it  on  an 
infulated  (land,  the  ball  will  either  not  diverge, 
or  only  a  very  little ;  bring  the  knob  of  a  bottle 
which  is  ftrongly  charged  with  pofitive  eleftricity 
near  the  knob  of  the  former,  and  the  balls  will 
diverge  with  pofitive  eleftricity. 

Experiment 

*  Encyclopaedia  Britannica,  Vol.  IV.  p.  2698. 
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Experiment  cxxv. — Let  the  lame  phial,  with 
the  pith  balls  affixed  to  it's  outfide  coating  be 
flighdy  chained  negatively,  and  then  infuhted, 
bring  the  knob  of  a  phial,  which  is  ftrongly  dec* 
trified  negatively,  to  that  of  the  infulated  one, 
and  the  pith  balls  will  diverge  with  negative 
de&icity. 

Experiment  cxxvi. — Charge  ajar  pofidvely, 
and  then  infulate  it,  charge  another  ftrongly  with 
negative  ele&ricity,  bring  the  knob  of  the  nega- 
tive bottle  near  that  of  the  pofitive  one,  and  a 
thread  will  play  between  them ;  but  when  the 
knobs  touch  each  other,  the  threads,  after  being 
attracted,  will  be  repelled  by  both.  The  nega- 
tive electricity  is  fome  how  fuperinduced  on  the 
pofitive,  and,  for  a  few  minutes  after  the/  are 
fcparated,  both  will  appear  negatively  ele&rified ; 
but  if  the  finger  is  brought  near  the  knob  of 
that  bottle  on  which  the  negative  electricity  was 
fuperinduced,  it  will  inftantly  be  diflipated,  a 
fmall  fpark  will  ftrike  the  finger,  and  the  bottle 
will  be  pofi lively  charged  as  before. 

One  of  the  pofitions  which  fupport  the  Frank- 
linian  hypothefis,  has  been  already  confidercd; 
we  are  now  at  a  proper  ftage  for  pointing  out 
fome  of  thofe  deficiencies  which  have  been  ob- 
ferved  in  otfccr  parts  of  it.  To  fupport  this  hy- 
pothefis, 
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pothefis,  it  is  neceflary  to  maintain  that  glass 

AND  OTHER  ELECTRIC  SUBSTANCES,  THOUGH  THEY 
CONTAIN  A  GREAT  DEAL  OF  ELECTRIC  MATTER, 
ARE  NEVERTHELESS  IMPERMEABLE  TO  I  T. 

This  pofition  appears  contradidory  at  the  firft 
view,  for  it  is  not  cafy  to  conceive,  that  any  fub- 
ftance  can  be  full  of  a  fluid  and  yet  impermeable 
by  it.  Efpecially  when  a  coniiderable  quantity 
of  this  fluid  is  taken  from  pne  fide,  and  added  to 
the  other ;  and  what  Is  more  furprifing,  the  thin- 
ner the  glafs,  and  the  lefs  quantity  it  is  capable 
of  containing,  the  more  we  are  able  to  put  into 
it,  and  the  ftronger  will  be  the  charge.* 

The  following  among  other  experiments  has 
been  adduced  as  a  ftrong  argument  in  favour  of 
the  impermeability  of  glafs.  Let  a  coated  phial 
be  fet  upon  an  inf ulated  ftand,  and  the  knob  of 
another  coated  phial  be  brought  near  it ;  for  every 
fpark  difcharged  from  the  prime  conductor  to 
the  knob  of  the  firft  jar,  a  fpark  will  pafs  from 
the  coating  of  the  firft  to  the  knob  of  the  fecond : 
now  a  common  obferver  generally  imagines  that 
the  fire  runs  through  the  glafs ;  Dr.  Franklin 
concludes  it  does  not,  becaufe  there  is  found  a 
great  accumulation  of  eledr icily  on  the  infideof 
the  jar,  which  manifefts  itfelf  when  the  infide  and 
outfide  are  made  to  communicate  with  each 

other. 

•  Encyclopedia  Britannica,  p.  1687. 
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other.  But  we  cannot  from  this  and  fimilar  ex- 
periments conclude  that  glad  is  impermeable, 
except  we  fuppofe  the  eleftrtc  matter  to  be  ac- 
cumulated on  one  fide  of  the  glafs,  and  deficient 
on  the  other;  but  this  has  never  yet  been  proved, 
it  has  indeed  been  (aid,  that  if  glafs  was  perme- 
able to  this  fluid,  it  could  never  be  charged,  but 
this  refts  wholly  on  the  fuppofitton,  that  there 
is  an  accumulation  of  the  fluid  in  bodies  pofitive/y 
ele&rified,  and  a  deficiency  in  thofe  which  are 
negatively  fo.* 

Mr.  Wilfon,  to  prove  the  permeability  of 
glafs,  took  a  very  large  pane  of  gials  a  little 
wanned,  and  holding  it  upright  by  one  edge, 
while  the  oppofite  edge  refted  upon  wax,  he 
rubbed  the  middle  part  of  the  furface  with  his 
finger,  and  found  both  fides  electrified  Ptus;  he 
accounted  for  this  from  the  ele&ric  fluid  palling 
through  the  glafs  from  his  finger.  But  Dr, 
Prieftley  fays  this  appearance  ought  to  take  place 
on  Dr.  Franklin's  principles ;  for  the  fire  given 
to  the  glafs  by  the  finger  on  one  fide,  repels  an 
equal  quantity  from  the  other,  which  (lands  as 
an  atmofphere,  fo  that  both  fides  appear  pofi- 
tively  ele&rificd.  Mr.  Wilfon  tried  alfo  another 
experiment,  which  feems  more  decifive  than  the 
former.     Having  by  him  a  pane  of  glafs,  one 

fide 

*  Ibid.  p.  2687. 


Electricity,         145 

fide  of  which  was  rough,  and  the  other  fmooth  $ 
he  rubbed  it  on  one  fide,  upon  doing  thi3  both 
fides  were  eledtrified  minus/  Dr.  Prieftley  at- 
tempts to  reconcile  this  to  Dr.  Franklin's  hypo- 
thefis,  as  the  ele&ric  fluid,  contained  in  the  glafs, 
fays  he,  was  kept  equal  on  both  fides  by  the 
Common  repulfion.  If  the  quantity  on  one  fide 
is  diminiftied,  the  fluid  on  the  other  fide  being 
lefs  repelled  retires  inward,  and  leaves  that  fur- 
face  minus.  But  furely  thofe  words  militate 
ftrongly  againft  the  fyflcm  he  means  to  eftablifti. 
The  quantity  of  fluid  in  one  fide  being  diminifli- 
ed,  that  on  the  other,  he  fays,  retires  inward. 
But  into  what  does  it  retire  ?  If  into  the  fub- 
Itance  of  the  glafs,  then  is  the  glafs  permeable 
by  it,  which  is  the  very  thing  Dr.  P.  argues 
againft.* 

Dr.  Franklin's  theory  rcfts  upon  the  following 
pofif^,  "  That  pofitive  eledtricity  is  an  ac- 
$t  cumulation,  or  too  great  a  quantity  of  eleftric 
matter  contained  in  a  body ;  *  and  negative 
eledtricity  is  when  there  is  too  little."  Of 
this  however  there  is  not  one  proof,  and  all  the 
attempts  that  have  hitherto  been  made  to  prove 
it,  are  only  arguing  in  a  circle,  or  proving  the 
thing  by  itfelf.  Thus,  for  inftance,  a  body  elec- 
trified politively,  attracts  one  that  is  ele&rified 

T  negatively, 

•  Ibid,  p.  2688. 
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negatively,  becaufe  the  firft  has  too  much  and 
the  other  too  little  eleftric  matter.  But  how  do 
Ave  know  that  one  has  too  much  and  the  other  too 
little  ele&ricity  ?  Becaufe  they  attradl  each  other. 

Again,  it  has  been  proved,  that  when  a  jar  is 
electrified  pofitively,  there  is  as  conflant  a  ftream 
of  fire  from  the  outfide  coating,  as  there  is  from 
the  conductor  to  the  infide  coating.  There- 
fore, it  is  faid,  the  outfide  has  too  little,  and  the 
infide  too  much  ele&ricity.  But  how  is  this 
known  to  be  the  cafe  ?  Becaufe  in  the  above 
experiment  one  fide  has  too  much  and  the  other 
too  little  eleftricity.  Thus,  in  every  inftance, 
the  arguments  for  Dr.  Franklin's  hypothefis  re- 
turn into  themfelves,  and  no  conclufion  can  be 
drawn  from  them.* 

If  the  reader  wifhes  to  inveftigate  this  fub- 
jedt  further,  he  may  confult  Eeles's  PhilofophU 
cai  Eflays,  Wilfon's  fliort  View  of  Ele&ricity, 
Marat's  Rccherches  Phyfique  fur  I'Eledricite, 
Milner's  Obfervations,  Lyon's  Obfervations  and 
Experiments  on  Elcdricity,  and  the  Encyclo- 
pedia Britannica. 

•  Ibid,  p.  2691, 
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CHAP.      VIII. 

r 

Op    the  Electrical  Battery,    and  the 

LATERAL  EXPLOSION   OF  CHARGED  JaRS. 

TO  increafe  the  force  of  the  ele&ric  explofion, 
feveral  Leyden  phials  arc  connected  to- 
gether  in  a  box ;  this  collection  is  termed  an 
eleftrical  battery.  Fig.  65  reprefents  one  of  the 
moS  approved  form. 

The  bottom  of  the  box  is  covered  with  tin- 
foil, to  conned  the  exterior  coatings ;  the  infide 
coatings  of  the  jars  are  connected  by  the  wires  b, 
c,  d,  e,  f,  g,  which  meet  in  the  large  ball  A ; 
C  is  a  hook  at  the  bottom  of  the  box,  by  which 
any  fubftance  may  be  conne&ed  with  the  out- 
fide  coating  of  the  jars ;  a  ball  B  proceeds  from 
the  infide,  by  which  the  circuit  may  be  con- 
veniently completed.  The  following  precautions 
are  neceffary  to  be  attended  to  by  thofc  who  make 
ufe  of  an  eleftrical  battery. 

To  keep  the  top  and  uncoated  part  of  the  jars 
dry  and  free  from  duft,  and  after  the  explofion 
to  conned  a  wire  from  the  hook  to  the  ball, 
which  fhould  be  left  there  till  the  battery  is  to 
be  charged  again,  which  will  totally  obviate  the 

T  2  incoiw 
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inconvcniencies  that  have  occafionally  happened 
from  the  refiduum  of  a  charge. 

If  one  jar  in  a  battery  is  broke,  it  is  impof- 
fible  to  charge  the  reft  till  the  broken  jar  is  re- 
moved,* 

To  prevent  the  jars  of  a  large  battery  breaking 
at  the  time  of  the  explofion,  it  has  been  recom- 
mended not  to  difcharge  a  battery  through  a 
good  condu&or,  except  the  circuit  is  at  lead 
five  feet  long ;  but  what  is  gained  on  one  hand 
by  this  method,  is  loft  on  the  other,  for,  by 
lengthening  the  circuit,  the  force  of  the  fhock  is 
weakened  proportionably. 

I  have  been  informed,  that  it  is  very  difficult 
to  break  by  an  explofion  the  jars  which  are  made 
of  green  gbafs,  fabricated  at  Newcaftle,  but  have 
had  no  opportunity  to  make  any  experiments  on 
thisglafs  myfelf. 

The  force  of  a  battery  may  be  considerably 
increafed  by  concentrating  the  fpark  from  the 
explofion,  which  is  effected  by  caufing  it  to  pafs 
through  fmail  cirarits  of  non-qonduvfling  fub- 
itances.  By  this  means  the  refitting  medium, 
through  which  the  fpark  is  to  pafs,  may  be  (b 

prepared 

*  A  cracked  jar  may  be  made  to  receive  a  charge,  by 
taking  away  the  external  and  internal  coatings  which  were 
'  over  the  crack,  fo  as  to  leave  a  fpace  of  about  one  fourth 
of  an  inch  between  the  crack  and  lemaining  tin-foil* 
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prepared  as  to  augment  it's  power.  If  the  fpark 
is  made  to  pafs  through  a  hole  in  a  plate  of  glafs, 
one  twelfth  or  one  fixth  part  of  an  inch  in  dia- 
meter, it  will  be  lefs  diflipated,  more  compatft 
and  powerful.  If  the  part  round  the  hole  is 
wetted  with  a  little  water,  the  fpark,  by  con- 
verting this  into  vapour,  may  be  conveyed  to  a 
greater  diftance,  with  an  increafe  of  rapidity, 
attended  with  a  louder  noife  than  common. 

Mr.  Morgan,  by  attending  to  thefe  and  fome 
other  circumftanccs,  has  melted  wires,  &c.  with 
fmafl  bottles.  I  hope  he  will  be  induced  to 
communicate  this,  as  well  as  the  reft  of  his  ita- 
portant  difcoveries,  to  the  public. 

Experiment  cxxvii. — Pafs  the  charge  of  a 
ftrong  battery  through  two  or  three  inches  of 
fmall  wire,  it  will  fometimes  appear  red  hot, 
firft  at  the  pofitive  fide,  and  the  rednefs  will 
proceed  regularly  towards  the  other  end. 

Experiment  cxxvni. — Difcharge  a  battery 
through  a  quire  of  paper,  a  perforation  will  be 
made  through  it ;  each  of  the  leaves  is  protruded 
by  the  ftroke  from  the  middle  towards  the  out- 
ward leaves,  as  if  the  fire  darted  both  ways  from 
the  center.  If  the  paper  is  very  dry,  the  fire 
meets  with  more  difficulty  in  it's  paflage,  and  the 

6  hole 
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hole  is  fmall.  If  that  part  of  the  paper,  through 
which  the  explofion  is  made,  is  wet,  the  hole  is 
larger,  the  light  more  vivid,  and  the  explofion 
louder. 

Experiment  cxxix. — The  difcharge  of  a  bat- 
tery through  a  fmall  ftcel  needle  will,  if  the 
charge  is  fufficient,  communicate  magnetifm  to 
the  needle. 

Experiment  cxxx. — The  difcharge  of  a  bat- 
tery through  a  fmall  and  (lender  magnetic  needle, 
will  generally  deftroy  the  polarity  of  the  needle, 
and  fometimes  invert  the  poles  thereof.  To  fuc- 
ceed  in  this  experiment,  it  is  often  neceflaiy  to 
pafs  feveral  ftrong  charges  through  the  needle, 
before  it  is  removed  from  the  circuit. 

It  appears,  from  Becparia's  experiments,  that 
the  magnetic  polarity,  which  is  communicated 
to  the  needle  by  eledtricity,  depends  on  the  po- 
rtion of  the  needle  when  the  charge  is  fent 
through  it,  and  is  not  regulated  by  the  di- 
re&ion  of  the  ele&ric  matter  in  entering  the 
needle. 

Experiment  cxxxi. — Let  a  quire  of  paper 
be  fufpended  by  a  line  in  the  manner  of  a  pen- 
dulum from  any  convenient  altitude,  fo  that  it's 

plane 
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plane  may  be  vertical.  Let  the  largeft  charge 
from  a  battery  be  caufed  to  pafs  through  it, 
while  quiefcent  in  an  horizontal  diredion  per- 
pendicular to  the  plane,  the  rods  of  communi- 
cation not  touching  the  paper ;  the  phenomena 
are;  firft,  the  aperture  mentioned  in  Exp.  128* 
the  leaves  being  protruded  both  ways  from  the 
middle  :  fecond,  not  the  fmalleft  motion  is  com- 
municated to  the  paper  from  the  force  of  the  dif- 
charge. 

A  quire  of  the  thickeft  and  ftrongeft  paper 
was  made  ufe  of  for  this  experiment,  the  height 
from  which  ic  was  fufpended  fixteen  feet.     It  is 
an  extraordinary  appearance  on  the  hypothetic 
of  a  fingle  eledtric  fluid,  that  a  force  fufficient 
to  penetrate  a  folid  fubftance  of  great  tenacity 
and  cohefive  force,  fiiouldnot  communicate  the 
fmalleft  motion  to  the  paper,  when  a  breath  of 
air  would  caufe  fome  fenfible  vibration  in  it. 
But  this  difficulty  is  not  unanfwerable :  for  a 
velocity  may  be  affigned,  with  which  a  body 
impinges  againft  and  pafles  through  a  pendu- 
lum of  any  given  weight  and  refilling  force,  fo 
that  a  fmaller  angular  volocity  (hall  be  com- 
municated to  it,  than  any  that  fhall  be  propofed, 
and  we  know  no  limit  to  the  velocity  of  the  elec- 
tric power  or  powers.    But  the  other  pheno- 
menon, i.  e,  the  oppofite  direction  in  which  the 
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Jeaves  arc  protruded,  fends  very  much  to 
ftrcngthcn  the  opinion  of  two  oppofite'eurrents : 
perhaps  cither  of  thofe  phenomena,  confidered  , 
limply,  may  admit  of  an  eafy  folutionfrom  the 
hypothecs  of  a  fingle  power ;  when  they  are  taken 
both  together,  it  feems  more  difficult  to  reconcile 
this  hypothelis  with  matter  of  faft.? 

Experiment  cxxxii. — Difcharge  a  battery 
through  a  (lender  piece  of  wire,  ex.  gr.  one  50th 
of  an  inch  in  diameter,  the  wire  will  be  broken 
to  pieces,  or  melted,  fo  as  to  fall  on  the  table 
in  glowing  balls. 

When  a  wire  is  melted  in  this  manner,  the 
fparks  fly  frequently  to  a  confiderable  diftance, 
being  fcattered  by  the  explofion  in  all  directions. 

If  the  force  of  the  battery  is  very  great,  the 
wire  will  be  entirely  difperfed  by  the  force  of 
the  explofion.  Small  panicles  of  fuch  fubftances 
as  cannot  be  eafily  drawn  into  wire,  as  platina, 
grain  gold,  ores,  &c.  may  be  placed  in  a  groove 
of  wax,  and  then  put  into  the  circuit;  if  a  dif- 
charge of  fufficient  fircngth  is  paflcd  through 
them,  they  will  be  melted. 

The  force,  by  which  wires  are  melted  by  a 
battery,  varies  with  the  length  of  the  circuit,  as 
the  fluid  meets  with  more  refiftance  in  propor- 
tion 

*  AtwoocTs  Analyfis, 
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tion  as  the  paflage  through  which  it  is  to  pafs 
is  longer.  Dr.  Prieftley  could  melt  nine  inches 
of  fmall  iron  wire  at  the  diftance  of  fifteen  feet, 
but  at  twenty  feet  diftance  he  could  only  make 
fix  inches  of  it  red  hot,  fo  that  metals  rcfift  with 
considerable  force  the  paflage  of  the  ele&ric  fluids 
and  therefore  in  eftimating  the  conducing  pow- 
ers of  different  fubftances,  their  length  muft  be 
particularly  attended  to. 

Experiment  cxxxiii.— -Inclofe  a  very  (lender 
wire  in  a  glafs  tube,  difcharge  a  battery  through 
this  wire,  and  it  will  be  thrown  into  globules  of 
different  fizes,  which  may  be  collected  from 
the  inner  furface  of  the  tube :  they  are  often 
found  to  be  hollow,  and  little  more  than  the 
fcoria  of  the  metal. 

Many  experiments  have  been  made/  in  order 
to  try  the  different  conducting  powers  of  metals, 
by  palling  the  difcharge  of  a  battery  through 
them ;  but  it  has  not  yet  been  determined,  whe- 
ther the  greater  facility  with  which  fome  metals 
are  exploded  depends  on  the  eafe  with  which 
the  fluid  pafles  through  them,  or  whether  it 
proceeds  from  the  degree  of  refiftance  they  make 
to  it's  paflage,  or  from  a  want  of  dudlility  in 
the  metal,  which  is  therefore  lefs  capable  of  ex- 
panfion. 

U  Experiment 


*54  An    £**ay    on 

Experiment  cxxxiv, — Difchargp  a  battery 
through  a  chain  which  is  laid  on  paper,  and 
black  marks  will  be  left  on  the  paper  in  thofe 
places  where  the  rings  of  the  chain  tooch  each 
other ;  the  rings  will  be  moie  or  left  melted  at 
thofe  places. 

Experiment  exxxv. — Take  two  pieces  of 
window  giafs,  of  about  3  by  a  inches  place  a. 
flipofbrafsor  gold  leaf  between  them,  leaving 
the  metallic  leaf  out  beyond  the  gtafs  at  each 
end ;  then  place  the  two*  pieces  of  glafe  in  the 
preft  of  the  univerfel  difcharger,  bring  the  point* 
of  the  wires  E  T,  E  F,  fig.  33,.  to  touch  the 
ends  of  the  leaves,  and  pafs  a  difchargc  through 
them*  which  will  force  part  of  the  metal  into  the 
glafs  and  (lain  it  with  a  colour  which  differs  from 
the  metal  that  is  made  ufe  of.  The  metallic  leaf 
fhould  be- made  narrowed:  in  the  middle,  becaufe 
the  force  of  the  elcQric  fire  is  in  proportion  to 
it's  depfity,  which,  is  increafed  when  the  fame 
quantity  of  fire  is  compelled  to  pafs  through 
fewer  conducting  particles. 

The  expiation  in  melting  the  ftripes  of  leaf- 
gold,  Sec.  renders  them  noiir-condu&ing,  and  left 
capahie  after  each  difchaigc  to  tranftnit  another. 
Some  particles  of  the  metal  are  driven  into  the 
glafs,  which  is  really  melted ;  thofe  parts  of  the* 

metal, 
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metal,  which  lie  contiguous  to  the  glafs,  are  the 
Unoft  perfectly  fufed.  The  pieces .  of  glafs  which 
cover  the  flip  of  metal  are  generally  broken  to 
pieces  by  the  difcharger. 

Experiment  cxxxvi. — Place  a  thick  piece  of 
glafs  on  the  ivory  plate  of  the  univerfal  dif- 
charger, fig.  3,  PI.  II.  and  a  thick  piece  of  ivory 
on  the  glafs,  on  which  a  weight  from  one  to 
ftvtn  pounds  is  10  be  placed ;  bring  the  points 
of  the  wires  EF  ET  againft  the  edge  of  the  glafs, 
ahd  pafs  the  difcharge  through  the  wires,  by 
eonnc&ing  one  of  the  wires,  as  EF,  with  the 
hook  C  of  the  battery,  fig.  65,  PI.  IV.  and  form- 
ing a  communication,  when  the  battery  is 
charged,  from  the  other  wire  ET  to  the  ball, 
and  the  glafs  will  be  broken,  and  fome  part  of  it 
(hivered  to  an  impalpable  powder.  When  the 
piece  of  glafs  is  ftrong  enough  to  refill  the  (hock, 
the  glafs  is  often  marked  by  the  explofion  with 
the  moft  lively  and  beautiful  colours.  I  have 
been  informed  by  Mr.  Morgan,  that  if  the  glafs 
in  cemented  down,  the  effect  is  the  fame  as  when 
it  is  preflcd  by  the  weights ;  and  this  mode  is 
m  various  experiments  more  convenient. 

Race  a  piece  of  very  dry  white  wood  ber 
tween  the  balls  of  the  univerfal  difcharger,  the 
fibres  of  the  wood  to  be  in  the  fame  direction 
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with  the  wires,  pafs  the  (hock  through  them, 
and  the  woods  will  be  tore  to  pieces,  or  run  the 
points  into  the  wood,  and  then  pafs  the  (hock 
through  them. 

Experiment  cxxxvii. — If  the  difcharge  is 
pa(Ted  under  the  piece  of  ivory  with  the  weights 
upon  it,  without  any  glafs  between  the  piece 
of  ivory  and  the  table  GH  of  the  univerfal  dif- 
charger,  the  weights  will  be  lifted  up  by  the 
lateral  force  of  the  difcharge ;  the  number  of 
weights  muft  be  proportioned  to  the  fprce  of  ?hp 
explofion. 

Experiment  exxxvni. — Fig.  66,  a  reprefenti 
an  infulated  rod,  nearly  touching  a  charged  jar, 
b  is  another  infulated  rod,  placed  in  a  line  with 
and  near  to  the  former  ;  make  the  difcharge  by 
the  rod  e,  from  which  a  chain  hangs  that  does 
not  touch  the  bottom  of  the  jar,  and  the  rod  b 
will  receive  an  eledtric  fpark,  which  quits  it  again 
almoft  in  the  fame  inftant,  becaufe  the  fineft 
threads  hung  upon  it  will  not  be  electrified  by 
the  fpark. 

This  eledrical  appearance,  without  the  cir* 
cuit  of  a  difcharging  jar,  is  called  the  Lateral 
Explofion. 

If  pieces  of  cork,  or  any  light  bodies,  be 

placed 
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placed  near  the  explofion  of  a  jar  or  battery,  thef 
will  be  moved  out  of  their  place  in  all  direction* 
from  the  center  of  the  explofion  j  and  the  greater 
the  force  of  the  explofion,  fo  much  greater  will 
the  diftance  be  to  which  they  are  removed.  It 
is  not  furprifing,  therefore,  that  heavy  bodies 
fhould  be  removed  to  confiderable  di (lances  bf 
a  ftrong  flafli  of  lightning.  Dr.  Prieftlcy  ap- 
prehends, that  this  fpeciesof  lateral  force  i» 
produced  by  the  explofion  of  the  air  from  the 
place  through  which  the  etaftric  difcharge  pafles. 
This  lateral  force  is  not  only  exerted  in  the 
neighbourhood  of  an  explofion,  when  it  is  made 
between  pieces  ^f  metal  in  the  open  air,  but  alfo 
when  it  is  tranfmitted  through  pieces  of  wire 
that  are  not  thick  enough  to  conduct  it  perfectly. 
The  fmaller  the  wire  is,  and  the  greater  the 
fufion,  the  greater  is  the  difperlion  of  light  bodies 
near  it. 

Experiment  cxxxix. — If  circuits,  different  in 
length  and  of  different  fubftances,  form  a  com- 
munication between  two  charged  furfaces  of  an 
eledric  plate,  it  is  obferved,  the  difcharge  will 
be  made  through  the  beft  condu&ors,  whatever 
be  the  length  of  the  others. 

2.  If  circuits  of  the  fame  fubftance  be  different 

in 
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m  length,  the  difchargc  will  be  made  through 
the  (horteft  of  them. 

3.  If  the  circuits  be  the  feme  in  every  ref- 
pe&9  the  difchargc  will  be  made  through  many 
of  them  at  the  fame  time.49 

If  one  circuit  confifts  of  undried  wood,  and  is 
of  confidcrable  length  in  comparifon  of  another 
which  confifts  of  metal*  the  difcharge  will  be 
made  wholly  through  the  latter,  unlefc  the  charge 
(hould  be  very  great,  in  which  cafe  fome  ftoall 
part  will  pafs  through  the  wood. 

If  a  ihort  metallic  rod  and  any  part  of  the  hu- 
man body  form  two  circuits  between  the  fame 
charged  furfaccs,  the  difcharge  (will,  in  general, 
be  made  wholly  through  the  metallic  rod ;  but 
if  the  charge  is  very  great,  or  if  the  rod  is  very 

« 

flender,  or  if  it  fhould  be  very  long,  in  either  of 
tbcfe  cafes  the  difcharge  may  be  perceived  to 
pafs  through  that  part  of  the  body  uhich  forms 
one  of  the  circuits. 

This  will  be  the  cafe  when  the  charge  is  fmall, 
but  it  may  be  fo  inqreafed  as  to  pafs  through  both 
the  longer  and  fhorter  circuits. 

I  have  been  informed  by  a  gentleman,  that 
it  was  his  cuftom  to  make  a  variety  of  circuits 
for  the  difcharge  of  a  large  jar  or  battery;  and, 
that  having  a  fufficient   number  of  thefe,  he 

could 
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could  introduce  himfclf  into  one  of  them,  and 
take  his  part  of  the  fbpck  without  inconvenience, 
it  even  was  not  di&grceable ;  and  he  could 
by  this  means  leflen  the  fen&tion  almoft  vo 
nothing. 

Experiment  cxl. — Mr.  Henly  made  a  double 
circuit,  the  firft  by  an  iron  bar,  erne  inch  and  a 
half  in  diameter,  and  half  an  inch  thick ;  tfet 
fecond,  by  four  feet  and  a  half  of  fmall  chain. , 
On  difcharging  a  jar,  containing  five  hundred 
fquare  inches  of  coated  furface,  the  ele&ricity 
paiFed  in  both  circuits,  fparks  being  vifible  on 
the  fmall  chain  in  many  places.  On  making  file 
difcharge  of  three  jars,  containing  together  fix- 
teen  fquare  feet  of  coated  furface,  through  three 
different  chains  at  the  fame  time,  fig.  67,  bright 
fparks  were  vifible  in  them  all.  The  chains 
were  of  iron  and  brafs,  of  very  different  lengths  * 
the  fhorteft  ten  or  twelve  inches,  the  longed 
many  feet  in  length.  When  thofe  jars  were  dis- 
charged through  the  iron  bar  before-mentioned, 
together  with  a  fmall  chain,  three-quarters  of 
a  yard  in  length,  the  whole  chain  was  illumined, 
and  covered  throughout  with  beautiful  rays, 
like  briftlcs,  or  golden  hair.  Having  placed  a 
large  jar  in  contad:  with  the  prime  conductor, 
and  affixed  to  the  coating  of  it  an  iron  chain, 
6  which 
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which  was  alfo  connected  with  a  plate  of  metal^ 
on  which  was  made  the  difcharge  by  the  dif~ 
charging  rod :  this  done  he  hooked  another 
chain,  much  longer,  and  of  brafs,  to  the  op- 
pofite  fide  of  the  jar,  and  brought  the  end  of  it 
within  eight  inches  and  an  half  of  the  metal 
plate* '  In  contaft  with  this  end  a  fmall  oak  Hick 
was  laid,  eight  iqches  long,  which  was  covered 
with  faw-duft  of  fire-wood.  On  making  the 
difcharge  upon  the  plate,  both  the  chains  were 
luminous  through  their  whole  lengths,  as  was 
alfo  the  faw-duft,  which  was  covered  by  a 
ftreak  of  light,  making  a  very  pleating  appear* 


•  At  the  glafs-houfe  there  is  generally  a  great 
number  of  folid  (ticks  of  glafs,  about  one  quarter 
of  an  inch  diameter;  ifthefe  be  examined  nar- 
rowly, feveral  of  them  will  be  found  tubular  a 
confiderable  length ;  the  diameter  of  the  cavity 
feldom  exceeds  the  200th  part  of  an  inch.  Se- 
lect and  break  oft*  the  tubular  part,  which  may 
be  filled  with  quickfilverby  fucking,  care  being 
taken  that  no  moifture  previoufly  infinuatcs  it- 
felf ;  the  tube  will  then  be  prepared  for  the 
experiment. 

Experiment  cxLi.—Pafs  the  fhock  through 
,this  fmall  thread  of  quickfilver,  which  will  be 

inftantly 
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iiJftaitTy  dtfptoded,  «nd  win  break  or  fpiit  the 
tube  in  a  curious  maimer.* 

ExpiftrtKNT  cun. — Take  a  gtafs  tube,  the 
bare  of  Vhich  is  about  one  quarter  of  an  inch, 
fill  it  wfch  water,  and  flop  the  ends  with  corfc, 
fhfeittWo  wires  through  the  corics  into  the  tube, 
lb  that  their'  ends  may  nearly  touch,  ilnike  the 
cinfls  of  thefe  part  of  a  circuit  from  a  battery; 
ttn  the  difchafrge,  the  water  will  be  dftperftftm 
every  direction,  and  the  tiibc  blown  to  *pi4ces  by 
^ie  dtfch&rge, 

Hie  eleiftric  fluid,  I3ce  cotnihon  fire,  cob. 
Vcfrt&  the  water  into  an  highly  ehtftic  varpour, 
t>r.  ^FntakKn,  on  repeatirig  this  experiment  wttfe 
iak,  cdtfld  not  £nd  the  leaft  ftain  upon  the  wWtfe 
fcatpfcr,  Oh  Which  the  tube  had  Wen  plaee*. 
Beccaria  palled  the  ffiock  ihrot^gh  a  dfdp  df 
Wttdr,  whidh  Was  fepportcd,  in  the  tenter  of  a 
fbfid  glafsbiill,  betwcdi  the  ehds  ttf  two  M. 
WIfes,  and  the  ball  Wats  ttivered  in  pftfecs  by  thfc 
explofion*  On  this  principle  he  cdritjrivtfl  brinks 
hecath  an  '&&iicd:nior&,  which  wiH  throw  a 
finall  IcJden  »baH  to  ^the  diftanCe  of  c^fcttty  feet. 
It  is  clear,  forfiTcttrifl  xX  the  foregbing  f*perf- 
irients,  thit  thte  d6ftiic  Acrid  crtdcavourt  to  ex- 

W  ploA, 
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plodc,  in  every  dire&ion,  the  parts  of  the  refilling 
Jubilances  through  which  it  pafles. 

Experiment  cxliii. — Place  a  building,  which 
is  formed  of  feveral  loofe  pieces  of  wood,  on  a 
wet  board  in  the  middle  of  a  large  bafon  of 
water,  let  the  eleftric  flafh  from  a  battery  be 
made  to  pals  over  the  board,  or  over  the  water, 
or  over  both ;  the  water  will  be  flrongly  agitated, 
and  the  building  thrown  down.  The  report  is 
louder  than  when  the  explofion  pafles  only 
through  the  air.  The  eleftric  fluid  endeavours 
to  pafs  near  the  furface  of  the  water  where  it 
meets  with  more  refiflance,  than  if  it  is  forced 
to  pals  through  it.  This  partly  arifes  from  the 
power  the  eleftric  fluid  has  of  railing  an  expan- 
five  vapour  from  the  furface  of  the  water,  which 
drives  off  the  refilling  air. 

A  difcharge  palled  over  the  furface  of  a  piece 
of  ice  will  leave  on  it  fmall  unequal  cavities,  ex* 
hibiting  the  fame  appearance  as  if  a  hot  chain 
had  been  placed  on  it* 

A  difcharge  fent  through  a  green  leaf  tears 
the  furface  in  various  directions,  leaving  an 
image  in  miniature  of  fome  of  the  effc&s  of 
lightning.  A  difcharge  will  pafs  to  a  certain 
diftance  over  fpirit  of  wine,  without  inflaming 
it }  but,  if  the  dift^nce  is  increafed,  it  will  fet 

it 
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it  011  fire.  From  hence  it  appears,  that  the 
facility  with  which  the  ele&ric  fire  is  tranfmittcd 
over  the  furface  of  moift  fubftances,  depends 
on  the  eafe  with  which  they  are  turned  into 
vapours. 

The  difcharge,  in  melting  the  particles  of 
metals,  drives  into  it's  paflage  the  conducing 
vapours  which  arife  from  them;  and  in  pro- 
portion as  the  parts  of  any  body  are  more  rea- 
dily driven  into  vapour  or  duft,  the  fpark  will 
run  to  a  greater  diftance. 

Experiment  cxliv. — If  a  wire  is  ftretched 
by  weights,  and  a  fhock  is  fent  through  it  that 
will  render  it  red  hot,  it  is  found  to  be  confider- 
ably  lengthened  after  the  difcharge.  When  the 
wire  is  loofe,  it  is  laid  to  be  fhortened  by  the 
explofion. 

Experiment  cxlv. — If  a  long  narrow  trough 
of  water  is  made  part  of  the  circuit  in  the  dif- 
charge of  a  battery,  and  a  perfon's  hand  be  im- 
merged  in  the  water  at  the  time  of  the  explofion, 
he  will  feel  an  odd  vibration  in  the  water,  very 
different  from  an  ele&rical  fhock.  The  quick 
ftroke  from  the  repcrcuffion  of  the  air  and  the 
vapour,  is  communicated  to  the  hand  by  the 
water,  and  the  hand  receives  a  fhock  fimilar  to 
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that  received;  by  a  Jhip  at  fc^  during  ^  earth- 
quake. 

Experiment  cxvtk— P^ce;  a  plain  pfcceqf 
metal  between  the  points  of  the  univcrial  di£ 
charger,  pals  fcvqraJi  expjpfions  of  a  batfery 
through. the  wires*  afritbe  dtfctuqps.  will  gn^ 
dually  fomvon  the  mrt^  different  ciipk^  beajjr 
tifujly  tinged  with  the  prjfinflfc  cqfouia*  Ifc 
circles  appear  (boner*  ami  we  cltfqr  to  ^cb 
other,  the  nearer  the  ppint  ia  to  the  liqr&jpc;of 
the  metal.  The  number  of  rings,  or  circles, 
depend  on  the  Biarpnela  of  the  point*  thf  ex* 
periment  therefore  fiicccads  better  i£  a  $afp 
needle  is  feOencd  to  one  of  the  points  flf  th? 
chfchaiger. 

Several  very  curious  experiments  were  rqadp 
by  Dr.  Watfon  and  others,  to  afecrtain  the.  dif- 
tance  to  which  the  deftric  (hock  might  be  con* 
veyed,  and  the  velocity  with  which  it  moves. 
In  his  firft  experiment  the  (bock  was  given,  and 
fpirits  fired  by  the  ekdric  maser,  which,  h*d 
been  conveyed  through  the  river  Thawte  1ft 
the  next  experiment,  the  electric  fluid  was  npufe 
to  pafs  through  a  ciicuk  of  two  miles,  Gfltfiag 
the  New-river  twice,  going  over  fcvcwlgMW^ 
pits,  and  a  Urge  field*  It  was  afterwanj*  cqR* 
yeyed  through  a  circuit  of  four  miks.    fc  jfcfffd 

&  over 
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thefe  fpaccs  infantaneoufiy  as  to  ftnfc, 
fenfibk  inftantaneity  in  the  mptipn  of  the 
eledric  fluid  was  afcertained  by  an  ottfemct, 
.who,  though  in  the  room  with,  thq  charged  phial, 
was*  at  the  fame  time,  in  the  middle  of  a  circuit 
of  two  miles,  and  felt  himfqlfihocked  at  the  fame 
inftant  lie  few  the  phial  difcharged. 

Notwithftandtng  this  furprifing  velocity,  it  it 
certain,  that  both  fides  of  a  charged  phial  may 
be  touched  lb  quickly,  even  by  the  bed  conduc- 
tors* that  all  the  ele&ric  matter  has  not  time  to 
make  the  circuit,  and  the  phial  will  remain  but 
half  difcharged;  and  there  are  feveral  inftances 
where  the  motion  appears  flow,  and  norcafily 
reconcilable  with  this,  immeafurable  velocity  § 
and  it  isalfo  certain,  that  this  fluid  is  refitted  ia 
it's  paflagc  through*  or  over,  every  fubftancc* 

The  wonderful  part  of  die  foregoing-  experi- 
ments will  vaniffi,  if  we  admit  the  reafbning  ef 
Mr.  Volt*  on  this  fobjeft*  and  die  reader  wUfc 
find  his  itafoning  confidcraMy  ftrengthene* 
by  experiments  no,  in,  12*  of  this  Efiay> 
which  were  otigtnaUy  made  by  Mr.  Atwgod? 
though  it  muft  be  otfned,  thefe  experiment 
feeM  to  lead  much  farther,  and  give  an  Idea  oil 
thediteftkm  of  the  eMbie-fluid  in  the  difchaig* 
of  the  Leyden  phial,  which  differs  altogether  from 

the  received  theory. 
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The  following  account  is  extiaded  from  a 
very  long  paper  of  Mr.  Volta,  in  the  Journal  dc 
Phyfique  for  1779: 

Let  us  fuppftfe  that  0,  b,  r,  J,  e9  f$  g,  b9  i, 
k,  /,  m,  n,  0,  hold  hands ;  let  a  grafp  the  out- 
fide  of  a  charged  Leyden  phial,  and  0  touch  the 
knob ;  at  the  inftant  0  receives  the  fire  difchargcd 
from  the  irifide  by  the  knob,  a  will  fumifh  from 
his  natural  dock  to  the  outfide,  without  waiting 
till  the  fire  arrives  to  him  from  0,  by  if,  torn,  &c.  in 
the  mean  while  the  lofs  of  a  is  compenfated  from 
b%  and  b  is  furnifhed  with  frcfh  matter  from  c, 
and  fo  on.    It  is  ftill  true;  that  there  is  but  one 
ftream,  if  we  confider  only  the  direction  of  die 
fluid,  which  is  excited  fimultaneoufly  at  the  two 
extremities,  and  moves  at  the  fame  inftant  of 
time ;  though,  to  fpeak  more  accurately,  it  is  not 
one  ftream,  but  two  united  in  one.    If  the  ex- 
treme rapidity  with  which  the  fire  pafles,  did  not 
prevent  our  perceiving  the  fucceffive  commotions 
received  by  the  perfons  who  form  the  chain,  we 
fhould  find  they  did  not  follow  the  order  0,  *, 
m,  /,  but  were  felt  fimultaneoufly,  firft  at  the 
two  extremities  0  and  *,  then  at  n  and  b9  tn  and  r, 
&c.  advancing  towards  the  middle  of  the  chain* 
Agreeable  to  this,  if  the  bottle  is  fmall,  the  lon- 
ger the  circuit  is  made,  thofe  who  are  furtheft 
from  the  extremities  find  the  fhock  weaker. 

To 
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To  render  this  account  more  clear,  feparate 
:he  circuit,  and  form  on  a  dry  floor  two  rows, 

h  &»  c>  d> — *»  f>  g»  b%  interrupted  in  the  middle ; 
et  e  grafp  the  bottle  by  the  outfide,  and  a  excite 
lie  difcharge  by  touching  the  knob  of  the  bottle  3 
low,  if  the  eleftric  fire  was  obliged  to  take  the 
horteft  courfe  to  come  to  the  exterior  and  nega- 
ive  furface,  it  ought  to  defcend  to  the  feet  of  r$ 
>afr  over  the  boards  to  the  feet  of  e,  and  then 
hrough  him  to  the  outGde,  without  afting  on 
j  g>  h>  which  would  be  out  of  it's  circuit.  But, 
:ontrary  to  this,  the  fluid  goes  out  of  the  direct 
:ourfe,  to  follow  that  of  the  conducting  perfons, 
tfhich  afford  it  a  proper  receptacle,  and  comes 
x>  the  outfide  by  another  fource.  The  fire  which 
goes  from  the  infide  from  e  to  f,  g%  b,  gives 
hem  a  fenfible  fenfation  in  their  hands  and 
their  heels,  (hewing  itfelf  by  a  fpark,  if  the 
lands  and  the  feet  are  feparated  a  little  from  each 
Dther,  and  finifhes  by  diffipating  itfelf  in  the 
common  rcfervoir.  In  the  fame  manner  4,  who 
firft  gives  the  fire  to  the  outfide,  receives  it  fuc- 
ceflively  from  c%  b%  a,  who  all  draw  it  in  from 
the  floor.  The  ftream  therefore,  which  proceeds 
from  the  knob  of  the  bottle,  pa  (Ting  through  the 
conducing  fubftance,  lofes  itfelf  in  the  general 
fource;  while,  from  the  fame  fource,  a  fufficient 

quantity 


x6S  An  Essay   on 

quantity  is  taken  to  fuppty  the  deficiency  of  the 
exterior  fiirfece. 

If  f,  g,  b>  do  not  forrto  a  chain,  but  are  irre- 
gularly placed  round  t,  the  pofitive  part  of  the 
fluid  may  be  feen  to  fpttad  itfelf  on  diffaent 
fides,  and  divide  it(Hf  in  different  branches  to 
tfeach  the  floor.  The  fluid  trill  in  the  fame 
mariner  rife  from  the  ftbor  to  reach  d>  if  a,  b% 
and  c,  are  irregularly  phtced  round  him ;  To  that 
t&ch  furface  excites  it's  ovrti  fhfeam;  one  Aat 
enters  the  bottle,  the  other  proceeding  from  it. 
Thus  alfo,  in  die  foirgflmg 'experiments  of  Dr. 
<lfatfon>  where  it  has  been  fiipjJoftd  that  die 
fctaftric  fluid  has  tmde  fuch  tuftazfrrg  cfrcoits 
through  rivers,  over  fields,  &c.  die  fluid  ftritt 
foe  infide  %as  difptrfed  fa  the  river,  at  fhefafbtjit 
tfhat  the  otftfide  cofledted,  ffrom  the  fame  fdtirce, 
fopplies  for  it's  own  deficiency. 

It  appears  alfo,  frdm  other  experiments,  that 

6ne  fide  of  a  charged  eledfcric  may  contain  mart 

tffonep6Werthah  is  firfficlem  ro  baHance  the  con- 

trafypowdronthedtherfide.    Tor,  ifachargtA 

jar  is  ihftflated,  and  the  difcharge  is  tnade  by  i 

difchargtr  with  a'gtafs  handle,  after  the  expldfion, 

the  difcharger,  2nd  both  fides  of  the  jar,  wfll 

pdtiefs  a  contrary  power  to  /hat  obtained  on  the 

fide  of  the  jar,  which  watstottehed  the  laft  htfent 

the  difOharge. 

CHAP. 
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CHAR     IX. 

On  the  Influence  op  Pointed  Conductors 

for  Buildings* 

THE  importance  of  ele&ricity,  as  well  as  it's 
univcrfal  agency,  becomes  more  confpicu- 
©us,  in  proportion  as  our  acquaintance  with  it 
increafes.     We  find  no  fubftance  in  nature  which 
is  not  a&ed  on  by  it,  either  as  a  condudor  or 
non-condu&or ;  and  difcover,  that  the  furprifing 
phaenomena  of  thunder  and  lightning  owe  their 
origin  to,  and  are  of  the  fame  nature  with  it* 
Very  little  progrefs  had  been  made  in  elc&ricitjr, 
when  the  analogy  between  the  ele&ric  fpark  and 
lightning  was  difcovered  :  but  the  fublime  idea 
of  realizing  thefe  conje&ures,  and  proving  that 
the  fire  which  fkfties  in  the  Iky,  is  the  fame 
agent  which  explodes  and  gives  a  £hock  in  our 
experiments,  was  given  to  Dr.  Franklin;  who 
alfo  firft  fuggefted  the  utility  of  pointed  conduc- 
tors of  metal,  to  preferve  buildings  from  the 
dreadful  efFe&s  of  lightning;  an  idea  which 
was  received  with  general  applaufe  and  approba- 
tion.   Since  this  period,  many  eledricians  have 
been  induced  to  change  their  opinion  relative  to 
the  utility  ^f  thefe  condu&ors ;  and  among  thofe  j 
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who  undcrftand  the  fubjeft  well,  it  has  been 
difputed,  whether  the  preference  fhould  be  given 
to  a  conduQor  with  a  pointed  end,  or  to  one 
which  has  an  obtufe  termination. 

The  experiments  which  have  been  made  on 
this  fubjeft  are  very  numerous  1  but  the  greater 
part  appear  to  me  very  inconclufive,  and  prefent 
only  a  very  partial  view  of  the  fubjedt  Among 
thefe  we  may  reckon  thofe  in  which  different 
fubftances  have  been  introduced,  to  reprefent 
the  aflion  of  conductors  on  ckmds;  fince  thfe 
various  fubftances  made  ufe  of  in  thefe  experi- 
ments, were  cohering  maffes,  in  which  they 
differ  eflentially  from  the  clouds  which  fldat  in 
the  air.  It  appears  alfo,  from  many  in  fiances, 
that  lightning  does  not  pafs  in  one  undivided 
trait,  but  that  neighbouring  bodies  carry  off 
their  (hare,  according  to  their  quantity  and 
conducing  power. 

A  pointed  conductor,  which  communicates 
with  the  earth,  has  not  any  particular  power  bf 
attra&ing  ele&ricity,  and  ads  only  as  any  other 
cohduding  fubftance,  which  does  not  refill  thtt* 
paflage  of  the  eledtric  fluid. 

It  is  true,  that  eleftricity  pafles  with  more 
cafe  from  an  eledtrified  body  to  a  condu&or 
which  is  pointed,  than  to  one  which  is  flat  or 
globular ;  becaufc,  in  this  cafe,  the  clafticify  of 

the 
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the  cle&ric  fluid,  and  it's  power  to  break  through 
the  air,  are  weakened  by  the  flat  furface,  which 
acquires  a  contrary  elelhicity,  and  compenfates         % 
the  diminiihed  intenfity  more  than  a  point  can ;  * 

the  point  being  eafily  rendered  negative,  while 
the  effort  of  the  fluid  to  efcape  from  the  ele&rificd 
body,  is  greater  than  when  it  is  oppofed  by  a 
flat  furface.  So  that  it  is  not  the  particular  pro- 
perty of  a  point,  or  flat,  but  the  different  ftate 
9f  the  electrified  body,  which  caufes  it  to  part 
with  it's  ele&ricity  eafier,  and  from  a  greater 
pittance,  when  a  pointed  conducing  fubftance 
is  prefented  to  it,  than  it  does  to  a  flat  or  globu- 
lar conductor.* 

The  capacity  of  conductors  to  hold  electricity, 
is  in  proportion  to  the  furfaces  which  are. free,  or 
uninfluenced  by  a  fimilar  atmofphere ;  a  circum- 
fiance  which  will,  more  or  lefs,  affecft  thofe  con- 
tfu&ors  which  are  applied  to  buildings,  according 
to  the  ftate  of  the  clouds  and  their  atmofphere, 
the  time  their  influence  has  been  exerted,  the 
pature  of  the  condu&ing  ftrata  of  the  earth,  and  • 
it's  eledtric  fituation. 

Befides,  the  elecftric  powers  mult  be  feparated 
before  ?ny  body  can  be  eledtrified ;  and  the  point 
jnuft  be  in  a  ftate  to  give  one  kind  of  eledtricity, 
before  it  can  receive  the  other.  They  cannot  aft 

X  2  beyond 

f  (5cp  Vplta'f  Paper,  PhUf  Iran,  vol,  71. 


* 


172  An   Essay    on 

beyond  the  ele&ric  atmofphere  of  the  body  to 
which  they  are  prcfented,  and  their  adtioh  is 
differently  modified  by  the  ftate  of  the  air. 

Fig.  68  reprefents  the  gable  end  of  a  houfe, 
fixed  \crtically  on  the  horizontal  board  F  G; 
a  fquare  hole  is  made  in  the  gable  end  at  h  i,  into 
which  a  piece  of  wood  is  fitted ;  a  wire  is  inferted 
in  the  diagonal  of  this  little  piece ;  two  wires  arc 
alfo  fitted  to  the  gable  end;  the  lower  end  of 
one  wire  terminating  at  the  upper  corner  of  the 
fquarc  hole;  the  top  of  the  other  wire  is  fixed 
to  it's  lower  corner ;  the  brafs  ball  on  the 
wire  may  be  taken  off,  in  order  that  the  pointed 
end  may  be  occafionally  expofed  to  receive  the 
explofion. 

Experiment  cxlvii. — Place  a  jar  with  it's 
knob  in  contact  with  the  conductor,  conneft 
the  bottom  of  the  jar  with  the  hook  H,  then 
charge  the  jar,  and  bring  the  ball  under  the 
condi'&or,  and  the  jar  will  be  difcharged  by  an 
explofion  from  the  condu&or  to  the  ball  of  the 
houfe.  The  wires  and  chain  being  all  in  con- 
neflion,  the  fire  y  ill  be  conveyed  to  the  outfide  of 
the  jar,  without  affcCling  the  houfe:  but  if  the 
fquarc  piece  of  wood  is  placed  fo  that  the  wires 
are  not  connected,  but  the  communication  cut  ofl£ 
the  eledric  fluid,  in  palling  to  the  outfide  of  the 

bottle, 
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bottle,  will  throw  out  the  little  piece  of  wood  to 
a  confiderable  diftance,  by  the  lateral  force  of 
the  exploiion.  See  fig.  68. 

Unfcrew  the  ball,  and  let  the  point  which  is 
underneath  be  prefented  to  the  conductor,  and 
then  you  will  not  be  able  to  charge  the  jar;  for 
thefharp  point  gradually  draws  the  (ire  from  the 
conductor,  and  conveys  it  to  the  coating  on  the 
outfide  of  the  jar. 

The  prime  conductor  is  fuppofed  to  reprefent 
a  thunder  cloud  difcharging  it's  contents  on  a 
weather-cock,  or  any  other  metal,  at  the  top  of 
a  building.  From  this  experiment  many  have 
inferred,  that  if  there  is  a  connection  of  metal 
to  conduft  the  eledxic  fluid  down  to  the  earth, 
the  building  will  receive  no  damage ;  but  where 
the  conne&ion  is  imperfedt,  it  will  ftrike  from 
one  part  to  another,  and  thus  endanger  the  whole 
building. 

Experiment  cxlviii?.— Mr.  Henly  affixed  to 
the  top  of  a  glafs  (land  a  wire,  three-eighths  of 
an  inch  in  diameter,  terminated  at  one  end  by 
^  ball,  three-fourths  of  an  inch  in  diameter,  and 
at  the  other  end  by  a  very  {harp  point ;  (fee  fig, 
69.)  round  the  middle  of  this  wire  hung  a  chain, 
twelve  inches  long ;  he  connected  the  chain  with 
the  coating  of  a  charged  bottle,  and  brought  the 

knob 
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knob  of  it  very  gently  towards  the  ball  on  the 
infulated  wire,  in  order  to  obfervc  prccifcly,  at 
what  diftance  it  would  be  difcharged  upon  it, 
which  conftantly  happened  at  the  diftance  of 
half  an  inch,  with  a  loud  and  fujl  explofioiu 
Then  charging  the  bottle,  he  brought  it  in  the 
lame  gradual  manner  towards  the  point  of  the 
infulate  \  v.  re,  to  try  alfo  at  what  diftance  it 
'would  be  ft  ruck ;  but  this,  in  many  trials,  never 
happened  at  all ;  the  point  being  approached  in 
this  gradual  manner,  always  drew  off  the  charge 
imperceptibly,  leaving  fcarce  a  fpark  in  the 
bottle. 

Experiment  cxlix.— The  fame  gentleman 
eonne&ed  a  jar,  containing  509  fquare  inches 
of  coated  furface,  with  the  prime  conductor ;  fee 
fig.  68.  If  the  jar  was  fo  charged  as  to  raife  the 
ekQrometcr  to  6o°,  by  bringing  the  ball  on  the 
wire  of  the  thunder  houfe,  to  half  an  inch  dif- 
tance from  that  connected  with  the  prime  con- 
ductor, the  jar  would  be  difcharged,  and  the 
piece  in  the  thunder  houfe  thrown  out  to  a  con- 
siderable diftance.  Ufing  a  pointed  wire  as  a 
conduftor  to  the  thunder  houfe,  infteadofthc 
knob,  the  charge  being  the  fame,  the  jar  was 
difchaqged  filently,  though  fuddenly,  and  the 
piece  was  not  thrown  out. 

Experiment 
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ExperiWiht  CL.-^-He  afterwards  made  * 
double  circuit  to  the  thunder  houfe;  the  firft  bf 
rfknob,  the  feCond  by  a  (harp  pointed  wire,  at 
an  inch  artd  a  quarter  diftance  from  each  other, 
but  exadly  the  fame  height.  The  charge  being 
the  fame,  the  knob  wy  firft  brought  under  the 
prime  conductor,  which  was  half  an  inch  above 
ft,  ahd  followed  by  the  point  at  an  inch  and  a 
quarter  diftance,  yet  no  explofion  fell  upon  the 
ball,  as  the  point  drew  off  the  charge  filently,  and 
the  piece  in  the  thunder  houfe  remained  un- 
moved. 

ExpiRiMENt  cli. — He  infulated  a  large  jaf, 
and  connected,  by  chains,  with  the  external 
coating,  on  one  fide,  a  knob,  o\\  the  other  * 
(harp  pointed  wire,  both  being  infulated,  and 
Handing  five  inches  from  each  other,  (fee 
fig.  70,)  and  placed  an  infulated  copper  bill, 
eight  inches  in  diameter,  fo  as  to  ftand 
exaftty  at  half  an  inch  diftance  both  from  the 
knob  and  the  point  %  the  jar  was  then  charg- 
ed, and  the  difcharge  made  by  the  discharging 
rod  on  the  copper  ball,  from  whence  it  Ieapei 
to  the  knob  A*  which  was  three  quarters  of  ail 
inch  in  diameter,  the  jar  was  difcharged  by  * 

loud  and  full  explofion,  and  the  chain  was  vwy 

luminous* 

Experiment 
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Experiment  clii. — Mr.  Henly  fufpcnded  by  a 
(ilk  firing,  from  one  end  of  a  wooden  bar,  which 
turned  freely  in  an  horizontal  dire&ion  upon 
the  point  of  a  needle,  a  large  bullock's  bladder, 
gilded  with  leaf  copper ;  the  bladder  was  baU 
lanced  by  a  weight  at  the  other  end  of  the  arm ; 
(fee  fig.  7 1  ;)  he  gave  a  firong  fpark  from  the 
knob  of  a  charged  phial  to  the  bladder ;  he  then 
prefentcd  towards  it  a  brafs  ball,  two  inches  in 
diameter,  and  obferved  that  the  bladder  would 
come  towards  it  at  the  diftance  of  three  inches ; 
and  when  it  got  within  an  inch,  would  throw 
off  it's  ele<5tricity  in  a  full  fpark.  He  then  gave 
it  another  fpark,  and  prefentcd  a  pointed  wire 
towards  the  bladder,  which  never  approached 
to  the  point,  nor  ever  gave  any  fpark,  the  elec- 
tricity being  carried  off. 

Experiment  clii  1. — Take  two  or  three  fine 
locks  of  cotton,  fatten  one  of  them  to  the  con- 
ductor by  a  fine  thread,  another  Jock  to  that,  and 
a  third  to  the  fecond,  put  the  machine  in  adiion, 
and  the  locks  of  cotton  will  expand  their  fila- 
ments, and  will  extend  themfelves  towards  the 
table.  Prefent  a  (harp  point  under  the  loweft, 
and  it  will  fhrink  up  towards  the  fecond,  and 
this  towards  the  firft,  and  all  together  towards 

the 
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the  prime  conduftor,  where  they  will  continue 
as  long  as  the  point  remains  under  them. 

Experiment  cliv. — Fallen  a  number  of  fine 
threads,  or  hair,  to  the  end  of  the  prime  conduc- 
tor; when  the  cylinder  is  turned,  thefe  will 
diverge  like  rays  proceeding  from  a  center :  con- 
tinue turning  the  cylinder,  and  prefent  a  point 
towards  one  fide  of  the  conductor,  and  the 
threads  on  one  fide  will  hang  down,  and  lofe 
their  divergence,  but  thofe  oh  the  other  fide 
will  (till  continue  to  diverge ;  which  fhews,  that 
the  power  of  points  to  draw  off  electricity,  does 
not  extend  round  the  eledrified  body,  when 
means  are  ufed  to  keep  up  the  fupply  of  eleftri- 
city. 

Fig.  72  reprefentsan  oval  board,  three  feet 
long  and  two  feet  broad,  coated  on  both  fides 
with  tin-foil,  and  fufpended  by  filk  lines  from 
a  double  hook ;  this  turns  on  an  axis,  which  is 
fattened  to  one  arm  of  a  nice  ballance,  and  coun- 
terpoifed  at  the  other  anp  by  a  weight ;  part  of 
the  table  underneath  the  board  is  to  be  cover- 
ed with  tin-foil,  and  communicate  to  the  floor 
by  a  chain. 

Experiment  clv. — Connedt  the  pendulous 
board  with  the  prime  conductor  by  a  fmall  wire, 

Y  a  few 
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a  few  turns  of  the  machine  will  cle&rify  the 
apparatus.  When  this  experiment  was  made, 
the  board  was  attra&ed  by  the  table  at  fifteen 
inches  diftance,  and  difcharged  itfelf  with  a 
ftrong  fpark.  The  fame  happened  to  a  metal 
ball  which  was  placed  on  the  table,  the  board 
approaching  till  it  was  about  one  inch  from  the 
ball,  and  then  difcharging  itfelf  by  a  fpark.  If 
a  point  is  fixed  on  the  board  inftead  of  a  knob, 
the  pendulous  board,  though  it  begins  to  ap- 
proach, flops  at  about  four  or  five  inches  from 
the  table,  and  it  will  not  approach  nearer,  or 
give  a  fpark :  a  fmall  light  it  feen  upon  the 
point  in  the  dark.  A  Leyden  phial  was  then 
connected  with  the  prime  conductor ;  it  now 
required  more  turns  of  the  machine  to  charge 
the  apparatus  ;  the  effedl  was  the  fame  as  before. 
The  counterpoife  was  now  held,  that  the  board 
might  not  difcend  till  it  had  received  a  full 
charge :  when  fet  at  liberty,  it  was  not  only 
attra&ed  by,  but  alfo  gave  a  loud  explofion  on 
the  point,  infomuch,  that  the  tin-foil  round  it 
-was  Itained  by  the  overflowing  of  the  fire. 

The  following  experiment  is  extracted  from 
"An  Account  of  Experiments  made  at  the 
Pantheon,  on  the  Nature  and  Ufe  of  Conductors," 
by  Mr.  Wilfon.  It  was  made  in  order  to  point 
out  what  he  deemed  erroneous  in  an  experiment 

of 
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of  Mr.  Hcnly,   which   is   the    151ft  of   this 
Eflay. 

The  circuit  of  communication  was  divided 
into  two  parts. 

A  bent  rod  of  brafs,  with  a  ball  of  the  fame 
metal,  three  quarters  of  an  inch  in  diameter, 
fcrewed  on  to  the  upper  extremity  of  it,  and  a 
copper  ball,  five  inches  in  diameter,  fcrewed  on 
to  the  lower  end,  forms  one  of  the  parts.  This 
part  was  fupported  by  a  ftand  of  wood  that  had  a 
cap  of  brafs  at  the  top,  into  which  the  brafs  rod 
was  occafionally  fcrewed. 

The  other  part  of  the  circuit  confided  of  a 
brafs  rod  alfo ;  one  end  of  which  branched  out 
in  the  form  of  a  fork,  with  two  prongs  that 
pointed  towards  the  center  of  the  copper  ball; 
and  thofe  prongs  were  fo  conftrufied,  that  either 
of  them  could  be  made  longer  or  fhorter,  juft  as 
the  expieriment  required.  On  the  end  of  one  of 
the  prongs  was  fixed  a  ball  of  brafs,  three  quarters 
of  an  inch  in  diameter,  and  on  the  other  a  fharp 
fteel  point  or  needle.  The  (houlder  of  this*  fork 
fcrewed  into  a  fmall  plate  of  iron,  that  was  fixed 
on  the  infideof  a  wooden  veflcl,  which  contained 
the  greateft  part  of  a  cylindrical  glafs  jar,  twelve 
inches  three  quarters  high,  and  about  four 
inches  in  diameter.  This  glafs  was  rather  thick 
than  otherwife,  and   the  coating  of  it  (which 
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was  tin-foil)  mcafurcd  nearly  144  fquare  inches 
-Mi".  on  each  farface.     Befides  thi3  coating,  part  of 

the  infide  of  the  wooden  vcffcl  was  coated  alfo 
with  tin-foil,  for  the  purpofe  of  making  &  fecure 
communication  between  the  iron  plate  and  the 
outward  coating  of  the  jar.  Within  the  jar  itfclf 
was  fitted  a  cylinder  of  wood,  that  was  covered 
with  tin-foil  alfo,  to  make  a  communication 
between  the  infide  coating  of  the  glafs  and  a  brafs 
rod,  that  was  fixed  upright  in  the  center  of  the 
wooden  cylinder.  This  upright  rod  having  a 
-ball  of  brafs  at  the  end,  three  quarters  of  an  inch 
in  diameter,  was  bent  towards  the  firft  part  of 
the  circuit ;  fo  that  the  two  balls  A  and  B,  in  fig. 
73,  being  upon  a  level,  looked  towards  each 
other,  but  were  placed  from  time  to  time  at 
different  diftances,  as  occafion  required ;  and 
thus  anfwered  the  purpofe  of  an  eledtrometer. 

Mr.  Wilfon  began  the  experiments  where  the 
eledtrometer  was  ftruck  at  the  greateft  diftance, 
and  then  adjufted  the  diftances  of  the  ball  ac- 
cordingly 5  fo  th^t  if  the  point  was  ftruck  when 
they  were  adjufted,  the  moving  of  the  ball  the 
thirty-fecond  part  of  an  inch  would  occafion  the 
ball  to  be  ftruck  in  preference  to  the  point,  and 
viceverjjg.  Afterwards  he  leflened  the  ftriking 
diftance  of  th^  ele&rometer,  in  every  experiment, 
till  he  attained  tjie  leaft  diftance. 

,  '  Upon 
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Upon  reverfing  part  of  the  apparatus,  and 
fixing  the  ball  to  the  bottle,  and  the  fork  to  the  ;*r 

Hand,  all  thofe  experiments  were  repeated  again ; 
the  copper  ball  being  put  neareft  to  the  glafs,  in 
the  place  of  the  forked  part,  and  the  forked  part 
in  the  place  of  the  copper  ball.  This  let  of  expert* 
ments  being  completed,  he  made  others,  where 
the  ball  only  was  oppofed ;  and  after  them,  where 
the  point  only  was  oppofed  to  the  copper  balL 

Having  gone  through  all  thefe  experiments, 
as  they  are  fet  down  in  the  firft  table,  he  then 
repeated  the  experiment  with  the  chain,  afte£ 
Mr.  Henly's  'iBqjtaer.  The  refult  of  which,  and 
with  the  apparatus  reverfed,  will  appear  in  the 
jecond  table. 
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T  A  B  L  E     I. 

Experiments  made  at  Dr.  Higgons's,  Just 

19,     1778,    WITH  'THE   L.EYDEN    PhIAL    AND 

Forked  Apparatus. 

K.  B.  The  meafures  exprefied  in  the  following  tables  were 
taken  from  a  fcale  containing  31  parts  in  one  inch. 

The  number  oppoftte  the  word  electrometer,  denotes  the 
diftance  between  the  balls  which  conftttute  the  electro- 
meter ;  and  the  numbers  opponte  to  the  words  ball  and 
pointy  (hew  the  greateft  dUkance  at  which  they  were 
refpcftively  (truck* 
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TABLE     II. 

Experiments  with  the  Chain,  after  Mr. 

Henly's  Manner. 

Point  and  Ball  oppofitc 
the  Leyden  Phial. 

f  Elc&rometer         —21     — 
J  Ball  —        —    26    — 

[Point         —        —     24    — 

TAB  LJE 

The  Experiments  of  the  2d  and  3d  Table, 
repeated  at  Mr.  Partington's,  June  23, 
1778,  a  Brass  Chain  being  made  Use  of 
instead  of  the  forked  apparatus. 


Apparatus  reverfed. 
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ent  timet.  J  «q 
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III. 


Ball  and  Point  oppojUt      B.      P. 
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Experiment  clvi. —  If  an  interruption  is 
made  in  each  of  two  fimilar  circuits,  which 
form  communications  between  the  charged  fur- 
faces  of  an  eledric  plate,  and  if  the  fpace  of  air 
in  one  of  the  interruptions  is  terminated  by 
points,  and  in  the  other  by  balls,  the  difcharge 
will  be  made  through  the  circuit  of  which  the 
points  make  a  part,  although,  the  length  of  the 
interrupted  fpace  of  air  is  confidently  greater 
than  that  in  iht  other  circuit. 

Before  any  difcharge  takes  place,  the  two 
'powers  are  fufpended  on  the  oppofite  furfaces  of 
the  charged  eleftric. 

An  eledlric  plate  may  be  difcharged  two  ways, 
either  filently  in  fome  fenfible  portion  of  time, 
or  by  explofion  in  an  inflant :  in  either  cafe  ex- 
periments abundantly  fhew,  that,  ceteris  paribus, 
the  difcharge  will  be  made  through  a  pointed 
body  in  preference  to  a  round  termination. 

When  a  pointed  body  is  prcfented  to  any 
charged  furface,  a  cylindrical  plate  of  air,  of 
evanefcent  diameter,  is  charged  with  the  con- 
trary cle&ricities  ftrongly  attracting  each  other 
through  it ;  and  the  quantity  of  air  being  fo 
final!,  there  will  be  little  rcfiftance  to  their 
union ;  the  difcharge  will  be  made  by  explofion 
in  preference  to  the  gradipl  difcharge,  according 
as  the  oppofite  furfaces  (t£e  pointed  body  and 
4  r  the 
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the  furface  oppofed  to  it)  are  larger,  a»  tttey  ait 
nearer  each  other,  and  as  the  charge  i» greater; 
for  it  will  be  obferved,  that  a  point,  or  very  fmall 
fpherical  termination,  which  is  in  a  phyfical 
fenfe  a  pmint,  will  difcharge  any  quantity  of 
cledricitf^filendy  and  gradually  without  explo-  * 
lion,  while  it  is  at  a  fufficient  diftance  from  the  ' 
oppofite  charged  {prface :  by  bringing  it  nearer* 
the  method  of  difcharge  will  be  altered ;  which 
will  now  be  a  fucceflion  of  fmall  explofions  very 
quickly  following  each  other.  The  reafon  of 
this  feems  to  be,  that  when  the  charged  furfec A  m 
are  very  near,  there  is  not  fufficient  time  for 
the^conotary  powers  to  unite  gradually,  nor  fuf- 
ficient room  in  which  they  may  be  diffufed 
among  the  furrounding  air. 

This  is  confirmed  by  again  removing t)ie  two 
oppofed  furfaeds  to  fuch  a  diftance,  that  thfc  dif- 
charge isay  be  made  gradually ;  in  this  cafe,  if 
the  parts  of  the  apparatus  are  fo  difpofed,  by  any  -f 

kind  of  contrivance,  that  the  difcharge  muft 
neccffarily  be  made  fuddenly,  the  method  of 
difcharge  will  be  again  altered,  becoming  now  a 
fucceflion  of  fj^plofions,  inftead  of  a  gradual  cur- 
rent between  the  oppofed  furfaces :  this  fudden- 
nefs  of  the  difcharge  may  be  effected  by  a  proper 
ufe  of  interruptions  ivjtjkfc,  circuit ;  it  may  alfo 
be  caufed  by  motion ;  Jjrefther  furface  be  moved 

\>rilkly 
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brifkly  toward  the  other,  the  explofion  of  the 
charge  will  be  promoted. 

Elevated  condu&ors  applied  to  buildings,  as 
a  fecuriry  from  the  eife&s  of  lightning,  will  con- 
tribute to  difcharge  the  ele&ricity  from  a  cloud 
that  partes  over  them  :  and  a  greater  quantity  of 
the  difcharge  will  pafs  through  a  pointed  con- 
ductor, than  through  one  wlych  is  terminated 
by  a  ball ;  but  whether  the  difcharge  will  be 
made  by  a  gradual  current,  or  by  explofion,  will 
depend  on  the  fuddennefs  of  the  difcharge,  on 
the  proximity  of  the  cloud,  it's  motion,  and  the 
quantity  of  the  electricity  contained  in  it.  If  a 
fmall  cloud  hangs  fufpended  under  a  large^oud 
loaded  with  ele&ric  matter,  pointed  condudors 
on  a  building  underneath  will  receive  the  dif- 
charge by  explofion,  in  preference  to  thofe  ter- 
minated by  balls,  the  fmall  cloud  forming  an  in- 
terruption, which  allows  only  an  inftaat  of  time 
for  the  difcharge.  If  a  (ingle  ele&ric  cloud  is 
driven  with  confiderable  velocity  near  to  a  pointed 
conductor,  the  charge  may  be  caufed  to  explode 
upon  it  by  the  motion  of  the  charged  body.  In 
other  cafes*  pointed  conductors  contribute  to 
difcharge  a  thunder  cloud  gradually  without 
explofion. 

Mr.  Wilfon's  experiments,  publilhed  in  the 
Philofophicai  Tranfadlions  1778,   have  contri- 

,,::  buted 
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buted  greatly  to  efcplain  the  effe&s  of  gonts  ia> 
difcbarging  the  ele&ric  matter. 

If  a  conical  pointed  body  were  infertcd  into  a 
fimilar  hollow  cone,  formed  into  an  eledxified 
folid,  the  furfaces  of  the  two  cones  being  equi~: 
diftant,  no  greater  difcharge  of  the  ele&rict 
would  follow,  than  if  the  two  conical  furfaces 
had  been  plain,  and  oppofed  to  each  other  at 
the  fame  diftance. 

Experiment  clvii. — If  two  eledbric  plates  be 
charged,  and  a  communication  formed  between 
the  pofitive  fide  of  one,  and  the  negative  fide  of 
the  jKhtr,  no  difcharge  will  follow;  unlefs  a 
communication  be  formed  between  the  other 
two  furfaces  at  the  fame  time. 

The  natural  cle&ricity  in  the  atmofpbere  is 
frequently  difcharged  in  this  manner:  Two 
cloud*  tang  ele&rififdf  with  oppofite  powers, 
the  furfaces  of  the  earth  immediately  under  them 
art  like  wife  cle&rified  with  powers  contrary  to 
thofe  in  the  clouds  above  them ;  and  the  moifturc 
of  earth  forming  a  communication  between  the 
two  contiguous  charged  furfaces,  whenever  the 
two  clouds  meet,  there  will  follow'  a  difcharge, 
both  of  the  clouds  and  furfaces  on  the  earth  op- 
pofed to  them.  If  the  earth  lhould  be  dry,  and 
confequeotly  afford  a  yefiftance  to  the  union  of 

Z  %  the 


d 


*88  An  Essay  on 

(he  two  electricities  accumulated  on  or  under 
it's  furface,  there  will  follow  an  exploGon  in  the 
earth  as  well  as  in  the  atmofphere,  which  will 
produce  concuflions  and  other  phenomena  which 
have  frequently  been  obferved  to  happen  in 
dry  feafons,  particularly  in  thofe  climates  which 
^re  the  moll  liable  to  dorms  of  thunder  and 
Jightning. 

Observations  on  the  Action  of  Conductors. 

u  Ever  fince  the  difcovery  of  the  identity  of 
deftricity  and  lightning,  it  has  been  allowed 
by  all  parties,  that  conductors  of  fome  kio4  are 
in  a  manner  neceflary  for  the  fafety  of  building* 
in  thofe  countries  where  thunder  ftorms  are  very 
frequent.  The  principle  on  which  they  ad  is 
this ;  that  the  cle&ric  fluid,  when  impelled  by 
any  power,  always  goes  p>  that  place  where  it 
meets  with  the  lead  refinance.  Now,  as  metals 
are  found  to  give  the  leaft  refinance  to  it's 
paiTage,  it  will  always  choofe  to  run  along  a 
metalline  rod,  in  preference  to  a  paflage  of 
any  other  kind.  But  it  is  neceflary  to  obferve 
here,  that  deftricity  never  (hikes  a  body  merely 
for  the  fake  of  the  body  itfel£  but  as  by  means 
of  that  body  it  can  arrive  at  the  place  of  it's 
deftinatioiu    When  a  quantity  of  ele&ricity  is 

colle&ed 
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Collected  from  the  earth,  by  means  of  an  ele&ric 
machine,  a  body  communicating  with  the  earth 
will  receive  a  ftrong  fpark  from  the  prime  coo-p 
du&or  ;  it  receives  this  fpark,  not  becaufe  it  is 
capable  of  containing  all  xhc  electricity  of  the 
cylinder  and  coodu&or,  but  becaufe  the  natural 
fituation  of  the  fluid  being  difturbed  by  the  mo-» 
fion  of  the  machine,  a  ftream  of  it  is  fent  off 
from  the  earth*  The  natural  powers,  therefore* 
make  an  effort  to  fupply  what  is  thus  drained  off 
from  the  earth ;  and  as* the  individual  quantity 
which  comes  out  is  mod  proper  for.  fupply ing 
the  deficiency,  as  not  being  employed  for  any 
palatal  purpofe,  theife  is  always  an  effort  made 
for  returning  it  to  the  earth.  No  fooncr,  then, 
is  a  conducing  body,  communicating  with  the 
earth,  prefented  to  the  prime  condudgr,  than 
the  whole  effort  of  the  ele&ricity  is  direded 
againft  that  body*;  not  merely  becaufe  it  is  a  con* 
dudor,  but  becaufe  it  leads  to  the  place  where 
the  fluid  is  directed  by  the  natural  powers  by 
which  it  is  governed,  and  at  which  it  would  find 
other  means  to  arrive,  though  that  body  were 
not  to  be  prefented.  That  this  is  the  cafe,  We 
may  eafily  fee,  by  prefenting  the  fame  conduc- 
ting fubflance  in  an  infulated  flate  to  the  prime 
condudor  of  the  machine,  when  we  (hall  find 
only  4  fmall  fg^rk^ill  be  prodded.    In  like 
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manner,  when  lightning  ftrikes  a  tree,  a  houfe,* 

* 

or  a  thunder-rod,  it  is  not  becaufe  tbefe  objedts 
are  high,  or  in  the  neigbourhood  of  the  cloud, 
but  becaufe  they  communicate  with  fome  place 
below  thefurface  of  the  ground,  againft  which 
the  impetus  of  the  lightning  is  directed,  and  at 
that  place  the  lightning  would  certainly  arrive, 
though  none  of  the  above-mentioned  objedts  had 
been  inrerpofed. 

cc  When  the  atmofpherc  begins  to  be  cle&ri- 
fied,  either  negatively  6r  pofitively,  the  earth, 
by  means  of  the  inequality  and  moifture  of  it's 
furface,  but  efpeciaily  by  the  vegetables  which 
grow  upon  it,  abforbs  that  electricity,  and  quiekiy 
becomes  cledtrified  in  the  fame  manner  with  the 
atmofphere ;  this  abforptidn,  however,  ceafes  in 
a  very  ftiort  time,  becaufe  it  cannot  be  continued 
without  fetting  in  motion  the  whole  of  the  elec- 
tric matter  contained  in  the  earth  itfelf.  Alter- 
nate zones  of  pofitive  and  negative  eledtricity 
will  then  begin  to  take  place  below  the  furface 
of  the  earth,  for  reafons  given  in  the  courfe  of 
this  Effay.  Between  the  atmofphere  and  one  of 
thefe  zones  the  ftroke  of  lightning  will  always 
be.  Thus,  fuppofing  the  atmofphere  is  pofitively 
cleftrified,  the  furface  of  the  earth  will,  by  means 
of  trees,  &c.  quickly  become  pofitively  elec- 
trified alfo,  we  will  fuppofe  to  the  depth  of  ten 

feet ; 
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feet:  the dedhicity  cannot  penetrate  further,  on 
account  of  the  refiftance  of  the  eleftric  matter 
in  the  bowels  of  the  earth.    At  the  depth  of 
ten  feet  from  the  furface,  a  zone  of  negatively 
electrified  earth  begins,  and  to  this  zone  the  elec- 
tricity of  the  atmofphere  is  attra&ed;  but  to 
this  it  cannot  get,  without  breaking  through  the 
pofitively  ele&rified  zone,  which  lies  uppermoft, 
and  fhattering  to  pieces  every  bad  conductor 
which  lies  in  it's  way.     We  are  therefore  fure, 
that  in  whatever  place  the  outer  zone  of  pofitively 
electrified  earth  is  thinneft,  there  tht  lightning 
will  ftrike,  whether  a  conductor  happens  to  be 
prefent  or  not.    If  there  is  a  conductor,  either 
with  a  knob  or  (harp  pointed,  the  lightning  will 
infallibly  ftrike  it :  but  it  would  alfo  have  ftruck 
a  houfe  fituated  on  that  fpot  without  any  corv- 
du&or ;  and  if  the  houfe  had  not  been  there, 
it  would  have  ftruck  the  furface  of  the  ground 
itfclf.    Again,  if  we  fuppofe  the  hoilfc  with  it's 
conductor  to  ftand  on  a  part  of  the  earth  where 
the  pofitively  electrified  zone  is  very  thick,  the 
conductor  will  neither  filently  draw  off  the  elec- 
tricity, nor  will  the  lightning  ftrike  it ;  though, 
perhaps,  it  may  ftrike  a  much  lower  objeft,  or 
even  the  furface  of  the  ground  itfelfatno  great 
difUncc;  the  reafon  for  which  undoubtedly  is, 

that 
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that  there  the  pofitively  ele&rified  wot  is  thlfli» 
ner  than  where  the  condu&or  was.  . 

"  To  fuppofe  that  a  pointed  condu&or  will 
cxhauft  a  thunder  cloud  of  it's  ele&ricity,'  muft 
at  firft  Gght  appear  trifling,  to  infill  on  it,  ridi* 
culous.  Innumerable  obje&s  are  'all  confpiring 
to  draw  off  the  ele&ricity  as  well  as  the  con- 
du&or, if  it  could  be  drawn  off;  but  of  afFe&ing 
this,  there  is  an  impoflibility,  becaufe  they  have 
the  fame  kind  of  ele&ricity  with  the  clouds  them, 
felves. 

<(  Befides,  Beccaria  has  obferved,  that  during 
the  progrefs  and  increafe  of  the  Harm,  though 
the  lightning  frequently  (truck  to  the  earth,  yet 
the  feme  cloud  was  the  next  moment  ready  to 
make  a  greater  difcharge,  and  his  apparatus  con- 
tinued to  be  as  much  affected  as  ever. 

4<  The  condu&or  has  not  even   the  power  of 
attracting  the  lightning  a  few  feet  out  of  the 
direction  it  would  choofe  itfelf:  of  this  we  have 
amoft  decifive  inftance  in  what  happened  to  the 
magazine  at  Purfleet,  in  Effex.     That  houfe  was 
furniflied  with  a  condu&or,  raifed  above  the 
higheft  part  of  the  building ;  neverthelefs,  a  flafh 
of  ^lightning  (truck  an  iron  cramp  in  the  comer 
of  the  wall  of  the  building,  confiderably  lower 
than  the  top  of  the  condu&or,  and  only  forty-fix 
feet  in  a  (loping  line  diftant  from  the  point. 

4  "  The 
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■"*  T^o^oducfior,  with  all  if s  power  of  draw- 
fig  $*  the  ele&ric  matter,  Was  neither  able  t* 
prevent  the  flafla,  nor  to  turn  it  forty-fix  feet 
put  of  it's  way.  The  matter  of  fad:  is,  the  light- 
ning was  determined  to  enter  the  earth  at  the 
place  where  the  Boaxd-houfe  Hands,  or  near  it ; 
the  condudor,  fixed  on  the  houfe,  offered  the 
eafieft  communication,  but  forty-fix  feet  of  air 
intervening  between  the  point  of  the  condu&or 
^nd  the  place  of  the  expiation,  the  refinance  was 
Jefs  through  the  blunt  cranap  of  iron,  and  a  few 
bricks  moiftened  with  the  rain  to  the  fide  of  the 
metalline  conduQor,  than  through  the  forty-fix 
feet  of  air  to  it's  point,  for  the  former  was  the 
way  in  which  die  lightning  actually  pafled. 

"  The  zig-zag  kind  of  lightning  is  the  moft 
dangerous,  becaufc  it  mud  overcome  a  very 
violent  refiftanec  of  the  atmofphere,  and  where- 
ever  that  refiftanec  is  in  the  fmalleft  degree  leflen- 
ed,  there  it  will  undoubtedly  ftrike,  and  even  ajt 
*  confiderable  diftance.  It  isotherwife  with  that 
kind  that  appears  in  flaflies  of  no  determinate 
form ;  the  ele&ric  matter  of  which  is  evidently 
diflipated  in  the  air  by  fome  conducing  fub- 
itances  which  are  prefent  there,  and  they  are 
therefore  rendered  left  powerful. 

"  The  moft  deftru&ive  kind  of  lightning  is 
{hat  which  aJRunes  the  form  of  balls.  Thefe  are 
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produced  by  an  exceeding  great  power  of  elec« 
tricity,  gradually  accumulated  till  the  rtfiftanc* 
of  the  atmofphcre  is  no  longer  able  to  confine  it. 
In  general,  the  lightning   breaks  out  from  the 
eledrified  cloud  by  means  of  the  approach  of  fome 
conducing  fubftance ;  but  the  fire-balls  feem  to 
be  formed  not  becaufe  there  is  any  fubftance  at 
hand  to  attradt  the  ele&ric   matter  from  the 
cloud,  but  becaufe  the  ele&ricity  is  accumulated 
in  fuch  a  quantity  that  the  cloud  can  no  longer 
contain  it.     Hence,  fiich  balls  fly  off  flowly, 
and  have  no  particular  deft  i nation ;    their  ap- 
pearance indicates  a  prodigious  commotion  and 
accumulation  of  ele&ricity  in  the  atmofphere, 
without  a  proportionable  difpofition  in  the  earth 
to  receive  it.     This  difpofition  is  however  al- 
tered by  a  thoufand  circumftances,  and  the  place 
which  firft  becomes  moft  capable  of  admitting 
electricity  will  firft  receive  a  fire-ball.     Hence 
this  kind  of  lightning  has  been  known  to  move 
(lowly  backwards  and  forwards  in  the  air  for  a 
confiderable  time,  and  then  fuddenly  fall  in  one 
or  more  houfes,  according  to  their  being  more 
or  lefs   affe&cd  with    an    eledtricity   oppofite 
to  that  of  the  ball  at  the  time.     It  will  alfo  run 
along  the  ground,  break  into  feveral  parts,  and 
produce  feveral  explofions  at  the  fame  time. 
*c  It  is  very  difficult  to  imitate  this  kind  of 

lightning 
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lightning  in  our  ele&rical  experiments.    Th* 
only  cafes  in  which  it  hath  been  done  in  any  de- 
duce, are  thofe  in  which  Dr.  Prieftley  made  the 
explofion  of  a  battery  pafs  for  a  confiderable  way 
over  the  furface  of  raw  flefh,  water,  &c.     In 
thefe  cafes,  if,  while  the  ele&ric  flafh  palled  over 
the  furfaces  of  the  flefh,  it  had  been  poflible  to 
interrupt  the  metallic  circuit  by  taking  away  the 
chain,  the  eledtric  matter  difcharged  would  have 
been  precifely  in  the  lituation  of  one  of  the  above- 
mentioned  fire-balls ;  i.  e.  it  would  have  been 
at  a  lofs  for  a  conductor.    The  negative  fide  of 
the  battery  was  the  place  of  it's  deftination,  but 
to  that  it  could  not  eafily  have  got,  becaufe  of  the 
great  quantity  of  atmofpherc  which  lay  in  it's 
way,  and  the   incapacity  of  the   neighbouring 
bodies  to  receive  it.     But,  while  the  eledtric 
matter  was  thus  ftationary  for  want  of  a  con- 
dudlor,  if  any  one  ftanding  near,  or  touching  the 
negative  fide  of  the  battery,  prefented  a  finger 
to  this  feemingly  inoffenfive  luminous  body,  he 
would  be  inftantly  (truck  very  violently,  becaufe 
a  free  communication  being  now  made  by  means 
of  his  body,  the  powers  by  which  the  ele&ric 
fluid  is  impelled  from  one  place  to  another  would 
urge  it  upon  him.     But  if  we  fuppofe  a  perfbn, 
who  has  no  communication  with  the  battery,  to 
prefent  his  finger  to  the  fame  body,  he  may  per- 
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haps  receive  a  flight  (park  from  it,  but  not  t 
fhock  of  any  confequence. 

<€  We  may  now  account  for  the  feemingly  ca* 
pricious  nature  of  all  kinds  of  lightning,  but 
cfpecially  of  that  kind  which  appears  in  the  form 
of  balls.  Sometimes  it  will  ftrike  trees,  high 
houfes,  &c.  without  touching  cottages,  men^ 
or  animals*  who  are  in  the  neighbourhood ;  in 
other  inftances,  low  houfes  and  cattle  have  been 
ftruck,  while  high  trees  and  fteeples  in  the  neigh- 
bourhood have  efcaped  •*  The  reafon  of  this 
is,  that  in  thunder  ftorms  there  is  a  zone  of 
earth  confidently  under  the  furface,  which  the 
lightning  defines  to  ftrike,  (if  we  may  ufc  the 
expreflion)  becaufe  it  has  an  eledhicity  oppofirc 
to  the  lightning  itfclfc  Thofe  objedts,  therefore,, 
which  form  the  mod  perfed:  conductors  be- 
tween the  ekdrified  clouds  and  that  zone  of 
earth*  will  be  ftruck  by  lightning,  whether  they 
are  high  or  low.  Let  us  fuppofe  a  pofitively 
cle&rified  cloud  is  formed  over  a  certain  part  of 
the  earth's  furface  ^  the  ele&ric  matter  flows 
©ut  from  it  firft  into  the  atmofpherc  all  round, 

and 

*  Of  this  two  remarkable  inftances  have  been  adduced, 
in  a  paper  read  by  Mr.  Achard  at  the  Berlin  Academy  of 
Sciences.  And  Beccaria  cautions  perfons  from  depending 
on  a  higher,  or,  in  all  cafes,  a  better  conductor  than  their 
twn  body* 
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and  frtufc  it  is  dbihg  lb,  the  atmofphtrt  is  elec- 
trified negatively.  In  proportion,  hctotver,  At 
the  current  pervades  greater  and  grt&ter  por- 
tions of  die  atniofpherical  fpace,  the  teftftanee 
to  it's  motion  increafes,  till  at  fctft  the  air 
becoines  pofitively  eledtrififcd  as  well  as  the 
cloud,  and  they  both  ait  as  one  body.  The 
furface  bf  the  earth  then  begins  to  be  ele&fified, 
and  it  filcntly  receives  the  ele&ric  matter  by 
means  bf  the  trees,  grafs,  &c.  which  grow  upon 
it*s  furface,  till  at  laft  it  becomes  alio  positively 
ele&rified,  and  begins  to  (end  off  a  current  of 
electricity  from  the  furftce  downwards. 

€C  The  caufes  which  firft  produced  the  elec-  * 
tricky  ftill  continuing  to  aft*  the  power  of  the 
ele&ric  current  becomes  inconceivably  gfetfe 
The  danger  of  the  thunder -ftorm  now  begins; 
for,  as  the  force  of  the  lightning  is  dirc&ed 
to  fome  place  below  the  furface  of  the  earth, 
it  will  certainly  dart  towards  that  place,  and 
flutter  twery  thing  to  pieces  which  refcfts  it's 
paflage. 

"The  benefit  of  conducing  rods  will  now 
alfo  be  evident.  For  we  are  fure,  the  eledtric 
matter  will,  in  all  cafes,  prefer  that  way  where 
it  meets  with  the  lcaft  refinance,  and  this  is  over 
the  furface  of  metals. .  In  fuch  a  cafe,  therefore, 
if  there  happen  to  be  a  houfe  furnifhed  with  a 
+  conductor 
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conduQor  dire&ly  below  the  cloud,  and  at  the 
lame  time  a  zone  of  negatively  electrified  earth 
not  very  far  below  the  foundation  of  the  houfe, 
the  coadu&or  will  almoft  certainly  be  (truck, 
but  the  building  will  be  fafe.  If  the  houfe  wants 
a  conductor,  the  lightning  will  nevertheleft 
ftrike  in  the  fame  place,  in  order  to  get  at  the 
electrified  zone  above-mentioned ;  but  the  build- 
ing will  be  now  damaged,  becaufe  the  materials 
of  it  cannot  readily  conduft  the  eledric  fluid."41 


•  - 


*  See  Encyclopaedia  Britannica,  Art.  Lightning,  VoL 
VL  p.  4>  ft  4* 

That  the  ele&ric  matter,  which  forms  and  animates  the 
thunder-clouds,  iffucs  from  places  far  below  the  furface  of 
the  earth,  and  buries  itfeif  there,  is  probable  from  the  deep 
holes  that  have  been  made  in  many  places  by  lightning,  by 
the  violent  inundations  that  have  accompanied  thunder- 
ftorms,  not  occafioned  by  rain,  but  by  water  bur/ling  from 
the  bowels  of  the  earth,  from  which  it  mud  have  been  dif- 
lodged  by  fome  internal  concuflion,  &c— See  Dr* 
Prieftley's  Hiftory  of  Etearicity,  p.  328. 
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To  charge  a  Plate  op  Air, 

AS  air  is  an  eledbrici  it  will  receive  a  charge 
like  all  other  ele&ric  fubftances.  To  thit 
property  may  be  afcribed  many  of  the  pheno- 
mena which  are  obfervcd  in  the  Giprib  of  the 
common  ele&rical  experiments;  for  the  air 
which  furrounds  an  electrified  non-de&ric  is 
always  in  forae  degree  charged  with  the  fluid, 
and  thus  afts  ap#n  the  atmofphere  of  the  tiec- 
trified  conduflor,  not  only  by  it's  preflbre,  but 
alfo  by  it's  acquired  dearie  powers  ;  and  that 
it  pervades  the  air  to  a  confiderable  diftance,  flk 
evident  from  the  different  methods  by  whick 
(he  air  of  a  room  may  be  eledlrified. 

Cover  two  large  boards  with  tin-foil ;  fufpend 
one  by  filk  firings  from  the  ceiling,  and  then 
conned:  it  with  the  conductor ;  place  the  other 
board  parallel  to  the  former;  on  an  infulating 
Hand  that  may  be  eafily  raifed  or  lowered,  to  re- 
gulate the  diftance  of  the  plates  from  each  other. 
Or  place  the  boards  in  a  vertical  fituation,  on 
infulating  Hands  of  the  fame  height.    In  mod 

cafes  this  form  will  be  found  the  mod  con- 
venient. 


.• 


got  Ah   Essay   ok 

venient.  Thcfc  boards  may  be  confidered  at 
Che  coatings  to  the  plate  of  air  which  is  between 
them. 

Experiment  clviu.— Conned  the  upper 
board  with  the  politive  conductor,  and  the  other 
with  the  ground ;  turn  the  cylinder,  and  the 
ypper  one  wili  be  ele&rificd  positively,  and  the 

under  one  negatively;  the  (pace  of  air  between 
the  twoffl^adsaaapiateofgUft,  itfeparatc? 

and  ke*p»  pifijnder  (be  two  de&ric  powers. 
Touch  the  negative  plate  with  one  hand,  and 
the  upper  one  with  the  other,  and  a  frock  will 
be»#eceivqd  fioular  to  that  from  the  l#ydm 
phial. 

The  eledric  fljpck  will  always  be  felt  when- 
ever a  quantity  of  the  fluid  pafles  through  any 
body  in  an  inftantaneous  manner,  and  the  force 
of  the  (hock  will  he  proportional  to  the  quan- 
tity of  el$<ftricity  accumulated,  and  theeafe  with 
which  it  can  cfcape ;  for  the  whole  energy  of  the 
de&ricity  depends  on  it's  tenfion,  or  the  force 
with  which  it  endeavours  to  Ay  off  from  the 
eledtri&ed  body. 

The  two  plates,  when  in  contrary  ftates, 
Jftrongly  ajtrad  each  other,  and  will  come  to* 
gethe^  if  they  are  not  kept  afunder  by  force. 
A  fpaffk  will  fcmetimss  paft  between  the  plates, 

and 
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and  dfcftroy  the  ejedtricjty  of  each.  If  an  emi- 
nehce  is  placed  on  the  under  plate,  the  fpark, 
in  the  fpontaneous  difcharge,  will  ftrike  it. 
The  experiments  with  thefe  boards  will  be  more 
pleafing,  if  one  fnrface  of  the  upper  board  is  co- 
vered with  gilt  leather.  The  two  plates,  when 
charged^  are  fuppofed  to  reprefent  the  ftate  of 
the  earth  and  the  clouds  in  a  thunder  ftorm. 
The  clouds  being  in  one  ftate,  and  the  earth  in 
an  oppofite  one,  while  the  plate  of  air  adls  as  the 
ele&ric,  and  the  fpontaneous  difcharges  exhibit 
the  phenomena  of  lightning. 

An  obfervation  has  been  made  on  this  expe- 
riment, which  feems  to  affeft  one  of  the  prin- 
cipal fupportt  of  the  received  theory.  I  have 
fubjoined  it,  in  order  to  invite  thofe  who  are 
convcrfant  with  ele&ricity  to  a  clofer  invefti- 
gation  of  the  fubjeft. 

In  this  experiment  it  feems  impoflible  to  de- 
ny, that  air  is  penetrated  by  the  ele&ric  fluid. 
The  diftance  between  the  plates  is  fo  fmall, 
that  it  mud  appear  abfurd  to  fay,  that  this  fpace 
is  penetrated  only  by  a  repnlfive  power,  wheit 
in  other  cafes  we  fee  the  fluid  pervading  much 
greater  (paces  of  air.  But  if  one  ele&ric  fub- 
ftance  is  penetrable  by  the  elcdlric  fluid,  wemuft 
be?  led  ftrongly  to  ftifped  at  leaft  that  all  the* 
reft  are  fo  too.    If  glafc  was  altogether  irapene- 
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trable  to  the  fluid,  it  is  natural  to  think  that  it 
would  run  over  it's  fur  face  very  cafily.  But  in- 
Acad  of  this,  fo  great  is  it's  propenfity  to  enter, 
that  a  (hock  fent  through  between  two  glaft 
plates,  if  they  are  preffed  pretty  clofe  together, 
always  breaks  them  to  pieces,  and  even  reduces 
part  of  them  to  a  powder  like  fand.  This  iaft 
effed  cannot  be  attributed  to  any  other  than  the 
elc&ric  fluid  entering  the  pores  of  the  glafs,  and 
meeting  with  refiftancc,  the  impetus  of  it's  pro*, 
grefiive  motion  violently  forces  the  vitreous  par- 
ticles afunder  in  all  dirc&ions* 

Experiment  clix. — Turn  that  fide  of  the 
upper  board,  on  which  the  gilt  leather  is  patted 
towards  the  lower  one ;  place  one  or  two  fmali 
metal  hemifpheres  on  the  lower  board ;  conned 
the  upper  board  with  the  pofitive  condu&or,  and 
the  lower  one  with  that  which  is  negative,  put 
the  machine  in  aftion,  and  the  upper  board  will 
discharge  the  whole  of  it's  contents  on  one  of 
the  hemifpheres  in  a  ftrong  flafli,  attended  with 
a  fmart  explofion ;  vivid  corufcations  of  ele&ric 
light  will  be  feen  darting  in  various  directions 
on  the  furface  of  the  gilt  leather.  This  experi- 
ment, fays  Mr.  Becket,  is  more  than  a  refem- 
blance  of  lightning,  it  is  nature  inverted  with 
her  own  attire. 

Conned 
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Conned  a  coated  phial  with  the  pofitivc  con- 
du&or,  fo  that  it  may  be  difchaiged  with  the 
boards,  and  the  flafhes  of  light  will  extend  fur- 
ther, and  the  explofion  will  be  louder. 

Experiment  clx. — Place  the  wire,  fig.  10, 
with  the  feathers  tied  to  it  in  the  middle  of  one 
of  thefe  large  boards,  their  divergence  will  not 
be  near  fo  much  in  this  fituation,  as  when  they 
are  at  the  edge  of  the  board .  If  a  piece  of  down 
or  a  feather  is  placed  near  the  edge  of  the  board, 
it  will  fly  off  to  the  nearcft  non-eledrificd  body; 
but,  if  it  is  placed  in  the  middle,  it  will  be  a 
confiderable  time  before  it  will  move,  and  it 
will  fcarcely  fliew  any  figns  of  attraction. 

Experiment  clxi. — Place  bran,  or  fmall 
pieces  of  paper,  near  the  center  of  the  lower 
board ;  when  the  machine  is  put  in  adtion,  thefe 
will  be  alternately  attracted  and  repelled  with 
great  rapidity, '  and  agitated  in  an  amazing  man- 
ner.  A  pleating  variation  is  made  in  this  ex- 
periment by  taking  off  the  chain  from  the  lower 
board,  and  now  and  then  touching  it  with  the 
hand ;  touch  both  boards*  at  the  fame  time,  and 
the  motion  ceafes.  But  the  mod  furprizing  ap- 
pearance in  this  experiment  is,  that  fometimes*  t 
whep  the  qle&ricity  is  ftrong,  a  quantity  of  pa- 
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per  or  bran  will  accumulate  in  one  place,  and 
form  a  kind  of  column  between  the  boards,  it 
will  fuddenly  acquire  a  fwift  horizontal  motion, 
moving  like  a  whirling  pillar  to  the  edge  of  the 
boards,  and  from  thence  fly  off,  and  be  fcattered 
about  the  room  to  a  confidcrable  diftance. 

Experiment  clxii. — Take  two  phials,  the 
pne  charged  pofitively,  the  other  negatively^ 
place  them  on  the  infulated  board,  but  as  far 
from  each  other  as  the  board  will  permit ;  infert 
a  range  of  candles  in  a  piece  of  wood,  about  two 
inches  diftance  from  each  other,  fo  that  the 
flame  of  each  may  be  exadly  parallel;  when 
thefe  candles  are  quickly  introduced  between 
the  knobs  of  the  phials,  the  fpark  will  be  feen  to 
dart  through  all  of  them,  and  will  have  the  ap- 
pearance of  a  line  of  fire,  variegated  in  a  thoufancj 
different  curves. 
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CHAP.      XL 

Of  the  Electrophorus. 

FIG.  73  reprefents  an  eledlrophorus.  This 
inftrument  was  invented  by  Mr.  Volta,  of 
Coma  in  Italy.*  It  confifts  of  two  plates  of 
*  circular  form,  the  under  plate  is  of  braii 
covered  over  with  a  ftratum  .of  an  ele&rical  fob- 
[iance,  generally  of  fome  negative  eleiftrM,  as 
wax,  fulphur,  &c.  the  upper  plate  is  of  brafs, 
with  a  glafs  handle  fcrewed  on  the  center  of  it's 
jpper  furface. 

Refinous  ele<ftrics  generally  fuccecd  better  for 
lit  eleftrophorus,  than  thofe  made  only  of  glafs, 
lot  only  as  they  are  lefs  affedted  by  the  humidity 
rf  the  air,  but  as  they  feem  to  have  the  power  of 
retaining  longer  the  electricity  which  is  com* 
municated  to  them. 

To  ufe  this  apparatus,  firft  excite  the  under 
plate  c,  by  rubbing  it's  coated  fide  with  a  piece 
of  clean  dry  flannel,  or  hare-fkin ;  when  this 
plate  is  well  excited,  it  is  to  be  laid  on  the. table 

with 

*  Mr.  Wilck,  in  Auguft,  17621  contrived  a  refinous  ap- 
paratus, to  which  he  gave  the  nam*  of  a  perpetual  elcclro- 
phprut.    See  Scripta  Academiae  Succ.  1762. 
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with  the  ele&ric  uppermoft.  Secondly,  place 
the  metal  plate  upon  the  ele&ric,  as  in  fig.  74 
*nd  75.  Thirdly,  touch  the  metal  plate  with 
the  finger,  or  any  other  conductor.  Fourthly, 
(eparate  the  metal  plate  from  the  eie&ric  by  the 
glafs  handle.  This  plate,  when  raifed  to  forae 
diftance  from  the  under  one,  will  be  found 
ftrongly  ele&rified  with  the  power  which  is  con* 
trary  to  that  of  the  elcdric  plate,  and  will  give 
*  fp^rk  to  any  condu&or  that  is  brought  near 
it.  By  repeating  this  operation,  i.  e.  by  fetting 
the  metal  pUtc  on  the  ele&ric,  and  then  touch- 
ing it  with  the  finger,  n  great  number  of  (parks 
may  be  fucceffively  obtained  without  a  frefli  ex- 
citation of  the  ele&ric. 

The  following  experiments,  which  were  made 
with  a  view  to  analyfe  this  curious  little  in- 
ftrument,  are  ex  traded  from  a  paper  of  Mr. 
A  chard's,  in  the  Memoirs  de  J'Academie  Royalc 
de  Berlin  for  1776. 

Experiment  ctxin.— -Mr.  Ach^rd  placed 
horizontally  a  circular  plate  of  glafs,  which  was 
about  two  tenths  of  an  inch  in  thicknefs,  and 
one  foot  in  diameter,  on  a  tin  plate,  which  only 
touched  the  glafs  in  a x few  places;  having  ex- 
cited the  upper  furfacc  of  the  glafs,  it  produced 
all  the  efFe&s  of  the  ele&rophorus ;  from  whencp 

he 
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he  infers,  that  it  is  not  neceflary  that  the  inferior 
metallic  plate  fhould  touch  exatily  in  all  it's  fu*- 
facc  the  ele&ric  coating. 

Experiment  clxiv. — He  infulated,  in  an  ho- 
rizontal  pofition,  a  plate  of  glafs  of  one  foot 
diameter,  he  excited  this,  and  then  applied  the 
upper  plate  in  the  ufual  manner,  and  obtained 
a  fucceffive  nupiber  of  weak  fparks;  but  in  or- 
der to  procure  them,  he  was  obliged  to  let  the 
finger  remain  fome  time  on  the  upper  plate.  If, 
inftead  of  infulating  the  plate  of  glafs  by  glafs 
he  infulated  it  by  wax  or  pitch,  he  conftantly 
found  that  the  fparks  were  ftronger. '  From  this 
experiment  he  concludes*  that  the  inferior  plate 
is  not  neceflary  to  the  production  of  the  effe&s 
obferved  in  this  inftrument,  and  that  when  de- 
prived of  it,  it  retains  all  it's  properties. 

Experiment  clxv. — Having  excited  the  up- 
per furface  of  an  eledrophorus  of  wax,  he  placed 
the  upper  plate  on  it,  and  after  fome  time  lifted 
it  off  by  it's  infulating  handle,  without  previoufly 
touching  it  with  the  finger ;  it  gave  no  fpark, 
and  was  not  poffeffed  of  the  lead  power  of 
attraction  and  repulfion;  which  proves,  that  the 
dedrophorus  cannot  render  the  upper  plate 
cle&ric,  unlets  it  is  touched  by  a  body  which 
a  if 
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is  capable  of  giving  or  taking  cledricity  frorii 
it. 

Experiment  clxvi. — Place  the  upper  plate 
on  an  excited  ele&rophoras,  bringing  a  finger 
near  the  upper  plate,  and  a  fpark  will  pals  be- 
tween them.  Now  as  the  ele&ric  fluid  never 
appears  as  a  fpark,  except  when  it  paflcs  with 
rapidity  from  one  body  to  another,  and  as  the 
upper  plate  exhibits  no  ele&ric  appearance,  if  it 
has  not  been  previoufly  touched  by  a  condudor, 
we  may  conclude,  that  the  ele&rophorus  only 
renders  the  upper  plate  ele&ric  when  it  has  tc* 
ceived  or  loft  a  quantity  of  ele&ricity.  . 

Experiment  clxvii. — Place  one  of  the  finail 
brafs  condu&ors  with  it's  pith  balls  on  the  up- 
per plate,  and  then  put  them  both  on  the  clec- 
trophorus,  the  balls  will  immediately  feparate  a 
little ;  touch  the  upper  plate  with  the  finger,  and 
the  divergence  ceafes ;  but  on  lifting  this  plate 
item  the  ele&fophorus  by  it's  glafs  handle,  the 
balls  diverge  with  great  force,  forming  a  very 
large  angle ;  on  taking  a  fpark  from  the  plate1 
they  immediately  clofe.  The  reparation  of  the 
baits  fliews  clearly,  fhat  the  upper  plate  either 
abforbs  a  quantity  of  eloftricity,  or  imparts  a 
portion  of  it's  natural  feare  to  the  under  one; 

it 
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it  alio  (hews,  that  the  former,  as  foon  as  it  is  laid 
on  the  ele&rophorus,  acquires  a  fmall  degree  of 
ele&ricity,  which  it  lofes  on  being  touched  with 
the  finger ;  but  it  again  becomes  eleftrical  when 
it  is  feparated  from  the  cledrophorus. 

Experiment  clxviii. — Infulate  an  eledfcro- 
phorus,  and  fufpend  a  pith  ball  by  a  linen  thread, 
in  fuch  a  manner  that  it  may  be  about  one  quar- 
ter of  an  inch  from  a  piece  of  metal  which  is 
connected  with  the  bottom  plate ;  the  ball  does 
not  move  when  the  upper  plate  is  laid  on  the 
eleltrophorus,  but  when  this  is  touched  by  the 
finger  the  ball  is  attracted.  As  foon  as  the  upper 
plate  is  taken  off,  the  inferior  metallic  coating 
attra&s  the  ball,  but  quits  it  if  the  coating  is 
touched  by  the  finger.  It  is  alfo  attra&ed  if  the 
upper  plate  is  put  on  before  the  fpark  has  been 
taken  from  it,  though  it  lafts  longer  and  is 
ftronger  if  the  fpark  is  taken  before  it  is  placed 
on  the  de&rophorus. 

Experiment  clxix.— Ele&rify  the  under  fide 
of  the  ele&rophorus*  by  conne&ing  the  under 
plate  with  the  condu&or  of  a  machine ;  the  up- 
per plate  will  give  ftrong  fparks  to  the  hand,  or 
any  other  non-eiedhic*  Touch  the  upper  plate 
with  one  hand,  and  the  under  one  with  the  other; 

C  c  a  ihock 
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a  (hock  will  be  received.  The  fame  effedt  is 
produced,  if  the  upper  plate  is  electrified  by  the 
machine.    See  fig.  74. 

Experiment  clxx. — Infulare  an  elecflropho- 
rus  which  is  not  excited!  and  place  the  upper 
plate  upon  it,  then  eledtrify  the  under  plate  by 
a  chain  from  the  prime  conductor ;  take  a  (park 
from  the  chain,  and  the  eledtrophorus  acquires 
all  the  properties  which  are  given  to  it  by  exciting 
the  upper  furface. 

Experiment  clxxi. — Conned  the  upper  plate 
by  a  chain  with  the  prime  conductor,  and  elec- 
trify it ;  then  take  a  fpark  from  the  chain,  and 
the  eledtrophorus  will  acquire,  as  before,  the 
fame  powers  which  it  gains  when  the  upper 
furface  is  rubbed. 

Experiment  clxxii. — The  fame  effedk  is  pro* 
duced  by  placing  a  Leyden  phial  on  the  upper 
plate  of  an  unexcited  eledtrophorus,  then  charging 
and  difchargingit  on  the  plate. 

From  the  three  laft  experiments  we  learn,  that 
{he  eledtrophorus  may  be  put  in  acftion  by  com- 
xnunication,  as  well  as  by  fri&ion. 

Experiment  clxxiii. — Mr.  Achard  placed 
flic  upper  plate  on  an  excited  eleftrophorus,  and 

a  cube 
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*  cube  of  metal,  furnilhed  with  a  glafs  handle- 
on  this  plate ;  oh  taking  the  cube  by  it's  handle 
from  the  upper  plate,  without  previously  touch- 
ing it,  it  attra&ed  a  light  ball.  On  repeating 
this  experiment,  and  touching  the  upper  plate 
before  the  cube  was  taken  off,  it  did  not  appear 
in  the  lead  electrical. 

Experiment  clxxiv.— By  examining  thd 
cledtrophotus  with  fmall  pith  balls,  we  find, 

1 .  That  as  foon  as  the  upper  plate  is  "placed 
on  an  ele&rophcrus  of  wax,  it  acquires  a  weak 
pofitive  electricity  5  and  the  contrary,  if  placed 
oa  an  eleftrophorus  of  glafs. 

2.  That  when  the  upper  plate  is  touched  by 
the  finger,  it  lofesall  it's  ele&ricity. 

3.  When  the  upper  plate  is  touched  by  the 
finger,  and  removed  from  the  eledtrophorus,  it 
acquires  a  ftrong  negative  eledlricity,  if  the  elec- 
trophones is  of  glafs ;  and  a  pofitivrf  eledhricity, 
if  it  is  of  wax. 

The  eledlrophorus  may  be  confidered  as 
formed  of  feveral  horizontal  ft  rata ;  to  that  when 
the  upper  one  is  excited,  either  by  fri&ion  or 
communication,  it  is  infiilated  by  the  inferior 
ftrata.  Now  all  infulated  elcdhics  preferve  theit 
electricity  a  confidence  time,  and  it  is  from  that 
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caufc  that  the  eledtricity  of  the  eledtxophorus 
continues  fo  long. 

Infulated  and  excited  glafi  induces  the  negative 
cledhicity  on  bodies  brought  within  the  fphere 
of  it's  adtion,  while  negative  elefirics,  in  fimikr 
circumftances,  produce  the  pofitiye  electricity. 
Therefore  the  furfacc  of  the  ele&rophorus  ought 
to  communicate  immediately  a  pofitive  eledtri- 
city,  if  it  is  of  wax ;  the  negative,  if  it  is  made  of 
glafs;  which  is  perfe&ly  conformable  to  experi- 
ments. But  when  the  upper  plate  is  touched 
by  the  finger,  the  upper  furface  of  the  ele&ro- 
phorus  ceafes  to  be  infulated,  and  gives  the 
negative  electricity  to  the  upper  plate,  if  it  is  of 
glafs,  and  the  contrary,  if  of  wax,  agreeable  to 
the  different  experiments  which  are  defcribed  in 
Chap.  IV. 

Ele&ric  bodies  do  not  put  the  fluid  in  that 
degree  of  motion,  which  is  neceflary  to  produce 
the  fpark,  or  exhibit  the  phenomena  of  attraction 
and  repulfion,  while  they  are  in  contaft  with  con- 
ducing fubftances,  which  isthereafon  why  the 
upper  plate  exhibits  no  figns  of  ele&ricity  while 
it  remains  in  contaft  with  the  under  one,  though 
they  become  fenfible  the  inftant  it  is  removed 
from  it. 

As  the  theory  of  this  inftrument  has  been 

deemed 
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deemed  very  intricate,  I  have  fubjoincd  another 
explanation  of  it,  which  is  given  by  the  editors 
of  the  Monthly  Review. 

•*  Therefore,  (in  the  cafe  of  a  glafs  eleflro- 
phorus)  as  it  is  a  cafe  which  admits  of  a  fortiewhat 
eafier  illuftration,  the  excited  plate  ads  upon 
the  elcflric  matter  naturally  contained  in  the 
upper  brafs  plate,  lb  as  to  repel  a  part  of  it's 
natural  quantity  from  it  in  form  of  a  fpark,  at 
that  part  where  the  finger  is  applied  to  it.  If  the 
brafs  plate  in  this  (late  is  lifted  up  by  it's  handle, 
it  will  receive  a  fpark  from  the  finger.  On 
being  replaced,  and  the  fame  operation  taking 
place,  the  fame  refult  will  be  obtained ;  which 
may  be  continued  for  a  greaj  length  of  time, 
without  diminifhing  the  virtue  of  the  excited 
ele&ric,  which  in  fad  does  not  part  with  any 
of  it's  own  eledlricity,  but  only  repels  a  part 
of  what  is  in  the  upper  plate,  which  is  repeatedly 
refiored  to  it  from  the  earth  by  the  perfon  who 
makes  the  experiment ." 

Experiment  clxxv. — Place  a  piece  of  metal 
on  an  excited  eledtrophorus,  it  may  be  of  any 
fhape ;  a  pair  of  triangular  compares  are  very* 
convenient  for  this  purpofe.  Eledtrify  the  piece 
ff.  met#l  with  the  power  which  is  contrary  to  that 
of  the  eleftrophorus,  and  then  remove  it  by  means: 

of 
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cff  fome  eledtric,  and  afterwards  lift  upon  the 
ctedtrophorus  fome  finely  powdered  refin,  which 
will  form  on  it's  furface  curious  radiated  figures. 
When  the  plate  is  negative,  and  the  piece  of 
metal  pofitive,  the  powder  forms  itfelf  principally 
about  thofe  parts  where  the  metal  was  placed  ; 
but  if  the  plate  is  pofitive,  and  the  fpark  is  nega- 
tive, the  part  where  the  metal  touched  will  be 
free  from  powder,  and  the  other  parts  more 
covered. 

Experiment  clxxvi. — To  recover  the  force  of 
an  ele&ibphorus  by  itfelf.  Place  themetaDit  cover 
on  the  refinous  cake,  touch  it  as  ufual ;  then  take 
it  up,  and  difcharge  it  on  the  knob  of  a  Leydenf 
phial ;  repeat  this  operation  feveral  thhes,  and 
then  place  the  bottle  on  the  cake,  and  move  it 
over  it's  furface,  holdftig  the  bottle  by  the  knob ; 
this  will  augment  the  force  of  the  eledlrophorus; 
and  by  reiterating  the  operation  it  will  be£om£ 
very  powerful. 

Experiment  clxxvii. — Infulate  a  metal  quart 
mug,  and  fufpend  a  pair  of  fmall  pith  balls  by 
filk,  fo  that  the  whole  of  the  elfcdbometer  may 
be  within  the  mug,  eledtrify  the  mug,  and  the 
electrometer  will  not  be  in  the  leaft  aflfetted .  The 
fimilar  atmofpheres  countered  dach  other;  and 

as 
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as  no  contrary  power  can  take  place  in  the  elec- 
trometer, it  will  remain  uneledxified.  Touch 
the  mug  with  fome  conducing  fubftance,  and  it 
will  immediately  attract  the  balls. 

Experiment  clxxviii. — Sufpend  a  fmall  cyr 
Under  of  gilt  paper  by  tin-foil,  and  then  touch 
the  ele&rifie4  and  infulated  mug  with  it,  afpark 
will  pafs  between  them,  and  the  eledtricity  will 
be  diffufed  in  each  in  proportion  to  their  capacity. 
Now  plunge  the  infulated  cylinder  to  the  bottom 
of  the  mug,  and  it  will  reftore  to  it  the  electri- 
city it  had  received,  but  does  not  give  the  leaft 
fign  of  electricity  when  taken  out. 

Experiment  clxxix. — Connefta  pair  of  pith 
balls  with  an  infulated  metal  veflel,  in  which  a 
metal  chain  is.  placed,  raife  the  chain  by  means 
of  a  (ilk  thread,  and  the  divergence  of  the  balls 
will  diminifh  in  proportion  as  the  chain  is  raifecjl 
and  difplayed ;  (hewing,  that  the  electricity  ijt 
rarified,  and  it's  denfity  is  diminiflied,  in  pro- 
portion as  it  fpreads  itfelf  from  thp  furface  of  tljp 
veflel  on  the  extended  chain ;  which  is  confirmed 
by  the  balls  diverging  again  when  the  chain  is  let 
down  into  the  veflel.  This  experiment  affords  an 
cafy  foiution  for  many  of  the  phenomena  of 
atmofphcric  electricity,  as  why  the  vapour  of 
pjefijified  water  give*  fuch  fmall  figns  of  eledtri- 
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city,  and  why  the  electricity  of  a  cloud  is  in- 
crcafed  by  being  compreflfed  or  condenfed. 

Experiment  clxxx.— Excite  a  flip  of  white 
flannel,  or  a  (ilk  ribbon,  and  take  as  many  fparks 
from  it  as  if  will  give ;  then  double  or  roll  it  up, 
and  the  contracted  flannel  will  be  ftrongly  elec- 
trical, give  fparks,  and  throw  out  brufhes  of 
light. 

Of  the  Advantages  which  may  be  perived 
from  an  imperfect  insulation,  and  of 
rendering  very  sensible  very  small 
Degrees  of  Natural  and  Artificial 
Electricity,  by  Mr*  Voj.ta* 

A  conductor,  properly  conftru&ed  for  making 
obfervations  on  atmofpherical  ele&ricity,  will 
feldom  affedt  the  moft  fenfible  electrometer  when 
the  Iky  is  free  from  eleCtricai  clouds ;  but  by 
means  of  the  apparatus  now  to  be  defcribed,  it 
will  appear,  that  thefe  conductors  are  always  elec- 
trical, and  confequently  the  air  which  furrounds 
them  mud  be  at  all  times  electrified.  This 
method  not  only  determines  the  exiftence,  but 
alio  the  quality  of  the  cleCtricity,  whether 
pofitive  or  negative,  and  that,  even  when  the 
Condu6tor  will  not  attract  the  fined  thread ;  but 

if 
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if  a  very  (mall  attradtidi  is  vifible  in  the  conduc- 
tor, then  the  apparatus  will  give  long  fparks* 

The  eledhrophorus  ufed  for  this  purpofe  may 
with  propriety  be  termed  a  micro-eledtrometer, 
or  condenfer  of  eledtricity. 

Whenever  the  atmofpherical  conductor  gives 
fufficicnt  fignsof  ele&ricity,  then  the  condcnfing 
apparatus  becomes  ufelefs.  For  when  the  elec- 
tricity is  ftrong,  it  often  happens  that  part  of  the 
eledtricity  of  the  metal  plate  is  imprefled  upon 
the  other,  in  which  cafe  the  apparatus  ads  as  an 
eledrophorus,  and  becomes  unfit  for  our  purpofe. 

The  apparatus  adapted  for  this  purpofe  con- 
fifts  of  the  upper  plate  of  an  ele&ropborus,  and 
a  femi-eledric,  or  an  itnperfed  conducing  plane, 
which  will  only  hinder  in  a  certain  degree  the 
paffage  of  the  fluid.  Many  condu&ors  of  this 
kind  may  be  formed;  fuch  as  a  clean  dry  marble 
flab,  a  plate  of  wood,  covered  with  a  coat  of 
varnifh,  &c.  the  furface  of  thofe  bodies  not 
contracting  ele&ricity,  or  if  any  fhould  adhere  to 
them,  it  loon  vanifhes,  on  account  of  their  femi- 
condu&ing  nature ;  for  which  reafon  they  cannot 
anfwer  the  end  of  an  eledtrophorus,  but  are  fit  to 
be  ufed  as  condenfers  of  eledricity. 

Care  fhould  be  taken  however  in  choofing 
jthis  plane,  that  it  be  not  of  too  free  a  conduct- 
ing nature,  nor  likely  to  become  fo  by  ufe,  it 
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being  abfolutely  neceflar£  that  the  eleftricity 
(hould  find  a  confidence  refiftance  in  pervading 
it's  furfkce.  In  preparing  fuch  a  plane,  by  drying, 
dr  otherwife,  it  is  much  better  to  come  too  near 
than  too  far  from  a  non-condu<flor.  A  marble 
flab  or  board,  properly  dried,  anfwers  well,  and 
is  preferable  to  any  other  plane ;  otherwife  the 
plate  of  the  eledropbbrus  is  preferable  to  all 
bodies  unprepared. 

The  word  fort  of  marble,  if  coated  with  copal, 
amber,  or  lac-varnifh,  and  then  kept  in  an  oven 
for  a  fhort  time,  will  anfwer  very  well,  even 
without  prcvioufly  warmirtg  for  the  experiment. 

This,  in  fed,  it  may  be  faid,  is  returning  to 
the  ele&rophorus :  as  marble,  wood,  &c.  varnifh- 
cd,  if  they  are  hot,  may  be  excited  by  a  very 
flight  friftion,  and  fometifnes  by  only  laying  the 
metal  plate  on  them  -f  to  prevent  which,  they 
fhould  be  ufed  without  warming. 

The  advantages  plates  of  this  kind  have  over 
the  common  ele&rophorus  are,  i.  That  the 
varnifli  is  always  thinner  than  the  common  refi- 
nous  ftrjttum  of  an  elcftrophorus ;  and  2.  That 
the  vamilh  acquires  a  fmoother  and  plainer  fur- 
face:  hence  the  metal  plate  can  with  more 
advantage  be  adapted  to  it. 

Any  fort  of  plane,  covered  with  dry  and  clean 
oil-cloth,  or  oiled-filk,  orfattin,  and  any  other 

filk 
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filk  (luff  that  is  not  very  thick,  may  beufed  with 
equal  advantage,  if  it  is  (lightly  warmed*  Silk 
fluffs  anfwer  better  for  this  purpofe  than  thofe 
made  of  cotton  or  wool,  and  both  better  than 
linen.  Paper,  leather,  wood,  ivory,  bone,  and 
every  other  fort  of  imperfed  conductors,  may  be 
made  to  anfwer  to  a  certain  degree,  if  they  are 
previously  dried,  and  kept  hot  during  the  expe- 
riment. 

This  apparatus  is  rendered  more  fimple  by 
applying  the  filk,  &c.  to  the  upper  plate  of 
metal,  which  is.  fixed  to  the  glafs  handle,  inftead 
of  the  marble  or  other  plate,  which  now  becomes 
ufelefs ;  for  in  it's  (lead,  a  plane  of  any  kind 
xn?iy  be  ufed,  as  a  common  wooden  or  marble 
table,  even  not  very  dry ;  a  piece  of  metal,  a 
book,  or  any  other  condu&or  with  a  flat  furface. 

Nothing  more  is  requifite  in  thefe  experi- 
ments, than  that  the  electricity,  which  tends  to 
pafs  from  one  furface  to  the  other,  fhould  meet 
with  fome  refinance  or  oppofition  in  one  of  the 
furfaces,  as  will  be  evident  in  the  fecond  part. 

It  is  immaterial  whether7 the  non-condudting 
or  femi-condu<fting  ftr^tum  be  laid  upon  one  or 
the  other  of  thofe  planes ;  all  that  is  neceflary  is, 
thanhey  fhould  coincide  together,  which  renders 
it  proper  to  ufe  two  planes  that  have  been  ground 
together,  and  one  of  them  varnifhed.    A  fmgle 
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metal  plate,  covered  with  (ilk,  with  three  filk 
firings  fattened  to  it  by  way  of  handle,  may  be 
conveniently  ufed  for  ordinary  experiments. 

To  ufc  the  apparatus,  the  upper  metal  plate 
muft  be  placed  upon  the  uneledtrified  plate  and 
in  perfect  contad  with  it. 

The  plates  being  thus  placed,  let  a  wire,  com- 
municating with  the  conductor,  be  brought  ro 
touch  the  metal  plate  of  the  cle&rophorus,  and 
that  only. 

The  apparatus  being  left  in  that  fituation  a 
certain  time,  will  acquire  a  fufficient  quantity 
ofele&ricity,  but  very  (lowly. 

Remove  the  communicating  wire  from  the 
metal  plate,  and,  by  means  of  it's  infulated  han- 
dle, feparate  it  from  the  under  one  ;  it  will  now 
attradl  a  thread,  eleftrify  an  electrometer,  and, 
if  it  is  ftrong,  will  give  fparks,  &c.  though  the 
atmofpherical    conductor  Ihewed   no,  or  only 

fmall,   fignsofit. 

It  is  not  eafy  to  determine  the  exa<5t  time 

neceflary  for  this  apparatus  to  remain  in  contaft 
with  the  condudor,  as  it  will  depend  on  many 
circumftances ;  for,  if  there  are  no  figns  of 
ele&ricity  in  the  conductor,  it  will  require  eight 
or  ten  minutes,  but  if  it  attracts  a  fine  thread,  as 
jnany  feconds  will  be  found  fufficient. 

It  is  difficult  alfo  to  determine  the  preci/e 
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degree  to  which  the  electricity  may  be  condenfed, 
or  how  much  the  ele&rical  phenomena  may  h$ 
ihcreafed  by  this  apparatus,  as  it  depends  on' 
various  circumftances.     The  augmentation  is, 
however,  greater  in  proportion  as  the  body  which 
fupplies  the  metal  plate  has  a  greater  capacity, 
and  is  larger  in  proportion  as  the  ele&ricity  is 
weaker.     Thus,  though  the  atmofpherical  con- 
ductor has  fcarcely  power  fufficient  to  attraft  a' 
fine  thread,  it  is  neverthelcfs  capable  of  giving 
fuch  a  quantity  of  eledricity  to  the  metal  plate 
of  the  cleftrophorus,  as  not  only  to  aftuatc  ait 
electrometer,  but  even  dart  ftrong  fparks.     But 
if  theeledtricity  of  the  atmofpherical  conductor 
is  ftrong  enough  to  afford  (parks,  or  to  raife  the! 
index  of  the  clcQrometer  to  5  or  6  degrees,  then 
the  receiving  plate  of  the  ele£trophorus,  according 
to  this  method,  will  raife  it's  index  to  the  higheft 
degree  and  give  a  ftronger  fpark  ;  yet  it  may  bo 
plainly  perceived,  that  the  condenfation  is  pro- 
portionably  lefs  in  this  than  in  the  other  cafe ; 
for  this  reafon  the  electricity  cannot  be  accumulated 
beyond  the  greateft  degree;  that  is  to  fay,  when 
it  is  increafed  fo  much  as  to  be  diflipated  every 
way :  Therefore,  as  the  eleftric  power,  which 
fupplies  the  condenfer,  is  neareft  to  the  higheft 
degree,  the  condenfation  is  proportionably  lefs  • 
but  in  this  cafe  the  condenfer   is  ufelefs;  it's 

principal 
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principal  ufc  being  to  colled  and  render  fcnfiblc 
that  fmall  quantity  of  ele&ricity,  which  would 
qtbcrwife  remain  imperceptible  and  unobferved. 

Hitherto  we  have  adapted  our  condenfer  to 
the  detc&ing  weak  atmofpherical  ele&ricity,  as 
brought  down  by  the  conduftor ;  but  this,  though 
the  principal,  is  not  the  only  ufe  to  which  it 
may  be  applied.  It  will  likewife  difcover  artifi- 
cial ele&ricity,  when  it  is  fo  weak  as  not  to  be 
difcoverable  by  any  other  means. 

A  Leyden  phial  charged,  and  then  difcharged 
by  touching  it's  coated  fides  with  the  difcharg- 
ing  rod  or  the  hand,  appears  to  be  quite  depriv- 
ed of  it's  ele&ricity  ;  yet  if  you  touch  the  knob 
of  it  with  the  metal  plate  of  the  condenfer, 
(fituated  upon  an  imperfcd  conducing  plane) 
and  immediately  take  up  the  plate,  it  will  be 
found  to  give  very  confpicuous  figns  of  ele&ricity. 
But  if  juft  fuflicient  charge  is  left  in  the  phial 
to  attradl  a  fine  thread,  and  the  metal  plate  if 
then  brought  to  touch  the  knob  for  a  moment, 
it  will,  when  lifted  up,  give  a  ftrong  fpark,  and 
if  touched  again,  a  fecond  fcarce  fmaller  than 
the  former  ;  and  thus  fpark  after  fpark  may  be 
obtained  for  a  long  time. 

This  method  of  producing  fparks,  by  means 
of  a  phial  which  is  not  charged  fo  high  as  to 
give  (parks  of  itfelf,  is  very  convenient  for  vari- 
ous 
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ous  plealing  experiments ;  as  to  fire  or  light  the 
inflammable  air-piftol,  or  lamp ;  efpecially  who* 
a  perfon  is  provided  with  one  of  thole  phiaU 
contrived  by  Mr.  Cavallo,  which,  when  charged^ 
may  be  carried  in  the  pocket  a  long  time.  Theft 
phials,  as  they  retain  a  feniible  chargfe  for  feverai 
days,   will  retain  an   infallible  one  for  week* 
and  months ;  or,  fuch  a  one  as  cannot  eafily  be 
difcovcred  without  the  condenfer,  in  which  cafe 
it  becomes  more  than  fallible,  and  fufiicient  for 
the  experiments  of  the  inflammable  air-piftol,  &c* 
Secondly.  If  you  have  an  electrical  machine 
fo  far  out  of  order  that  it's  conductor  will  not 
give  a  fpark,  nor  attra<5l  a  thread,  then  let  this 
condu&or  touch  the  metal  plate  of  the  condenfer, 
and  continue  in  that  fituation  a  few  minutes,  (the 
machine  being  ftill  in  motion)  lift  up  the  metal 
plate,  and  you  will  obtain  from  it  a  ftrong  fpark. 
Thirdly.    If  the  ele&rical  machine  arts  well, 
but  the  condudor  is  fo  badly  infulated  that  h 
will  not  give  a  fpark,  either  from  it's  being  con- 
nected with  the  walls  of  the  room,  or  by  having 
a  chain  from  it  to  the  table,  let  the  conductor  m 
this  ftate  touch  the  metal  plate  of  the  condenfer, 
while  the  machine  is  in  altion,  the  plate  will 
afterwards  give  fufficient  ftrong  figns  of  electricity ; 
which  proves  the  great  power  this  apparatus  has 
of  drawing  and  condenfing  the  eledbricity. 

Fourthly. 
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.  Fourthly.  Where  the  electrometers  aie  not 
Efficiently  fenfible  to  difcover  the  quantities  of 
excited  cleCtricity,  thofe  quantities  may  be  readily 
explored  by  the  condenfer.  For  this  purpofe, 
jrub  thofe  bodies  with  the  metal  plate  of  the 
condenfer/,  which  for  this  purpofe  muft  be  naked, 
and  if  the  plate  be  then  prefentcd  to  an  eleCtro* 
meter>  it  will  be  found  confidently  electrified, 
although  the  body  rubbed  may  have  acquired 
little  or  no  electricity.  The  quality,  whether 
pofnivc  or  negative,  may  eafity  be  afcertained, 
fincc  the  electricity  of  the  metal  plate  muft  be 
the  contrary  of  that  body  on  which  it  was  rubbed. 
Mr.  Cavallo  made  ufe  of  this  method  to  difcover 
the  eledricity  of  many  bodies.  But  (till  a  better 
method  may  be  ufed,  in  cafe  the  bodies  to  be 
examined  cannot  eafily  be  adapted  to  the  metal 
plate,  viz.  The  metal  plate  being  laid  on  the 
imperfect  conducting  plane,  the  body  to  be  tried 
is  rubbed  againft,  or  repeatedly  ltroaked  upon  it, 
which  done,  the  plate  is  taken  up  and  examined 
by  an  ele&romcter.  If  the  body  tried  is  leather, 
a  firing,  cloth,  velvet,  or  other  imperfeCt  con- 
ductor of  the  like  fort,  the  plate  will  certainly  be 
found  electrified,  and  incomparably  more  by  this 
means  than  if  it  were  ftroaked  by  the  fame  bodies, 
whilft  (landing  infulated  in  the  air.  In  fhort,  by 
either  of  thofe  methods  you  will  obtain  clearichy 

from 
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from  bodies  which  could  hardly  be  expeQed  to 
give  any,  even  when  they  are  not  very  dry. 
Indeed,  coals  and  metals  excepted,  every  other 
body  will  afford  fome  ele&ricity.  Ele&ricity 
may  often  be  obtained  by  ftroaking  the  plate  with 
the  naked  hand. 

-  The  metal  plate  has  a  much  greater  powpr 
to  retain  electricity  when  it  lies  upon  a  proper 
plane,  as  mentioned  in  the  foregoing  experiments, 
than  when  quite  infulated. 

It  is  eafy  to  comprehend,  that  where  the  ca- 
pacity of  holding  cledtricity  is  greateft,  there 
the  intenfity  of  the  ele<ftricity  is  proportionably 
lefs,  for  it  will  then  require  a  greater  quantity- to 
raifc  it  to  a  given  degree  of  intenfity ;  fo  that  tbe 
capacity  is  inverfely  as  the  intenfity ;  by  which  ye 
mean,  that  endeavour,  by  which  the  ele&ricity 
of  an  cledrified  body  tends  to  efcape  from  ail 
parts  of  it ;  to  which  tendency  or  endeavour,  the 
eleftrical  phenomena  of  attraction  and  rcpulfion,  , 
and  efpecially  the  degree  of  elevation  of  an 
electrometer,  correfpond. 

That  the  intenfity  oi ele&ricity  muft  be  inverfely 
proportioned  to  the  capacity  of  the  body  electri- 
fied, will  be  clearly  exemplified  by  the  following 
experiment. 

E  e  Experiment 
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Experiment  clxxxi. — Take  two  metal  rod; 
of  equal  diameter,  the  one  a  foot,  the  other  five 
feet  long ;  let  the  firft  be  electrified  till  the  index 
of  the  electrometer  rifes  to  6o°,  then  let  it  toucb 
the  other  rod ;  and  in  that  cafe  it  is  evident,  that 
the  intenfity  of  the  electricity  being  diffufed  be- 
tween the  two  rods,  will  be  diminifhed  as  the 
capacity  is  increafed ;  (b  that  the  ipdex  of  the 
pleCtrometcr,  which  before  was  elevated  to  6o°f 
will  now  fall  to  io°,  viz.  to  one  fixth  of  the  for- 
mer intenfity.  For  the  fame  reafon,  if  the  like 
quantity  of  electricity  was  communicated  to  a  rex} 
60  feet  long,  it's  intenfity  would  be  diminifhed 
to  one  degree ;  and  on  the  contrary,  if  the  elec- 
tricity of  the  long  conductor  was  contracted  intq 
the  60th  part  of  that  capacity,  it's  intenfity 
would  be  increafed  to  60. 

Conductors  of  different  bulk  have  not  only 
different  capacities  for  holding  eleftricity,  but 
alfo  the  capacity  of  the  fame  conductor  is  in* 
creafed  and  diminifhed  in  proportion  as  it's  fur- 
face  is  enlarged  and  contracted  ;  as  is  fhewn  in 
Dr.  Franklin's  experiment  of  the  can  and  chain, 
&c.  from  which  it  has  been  concluded,  that  the 
capacity  of  conductors  is  in  proportion  10  their 
furface,  and  not  to  their  quantity  of  matter. 

This  conclufion  is  true,  but  docs  not  com- 
prchend  the  whole  theory,  fince  even  the  exten- 
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fion  contributes  to  increafc  the  capacity.  In  ftiort, 
ic  appears  from  all  the  experiments  hitherto 
made,  that  the  capacity  of  conductors  is  not  in  . 
proportion  to  the  furfaces  in  general;  but  to  the 
furfaces  which  are  free,  or  uninfluenced  by  fimi- 
br  or  homologous  atmofpheres;  and  further, 
that  the  capacity  of  a  conductor,  neither  altered 
in  it's  form  or  furface,  is  increafed,  when,  inftead 
of  remaining  quite  infulated,  it  is  prefentcd  to 
another  not  infulated  ;  and  this  increafe  is  more 
confpicuoiis,  as  the  furfaces  of  the  conductors  are 
larger,  and  approach  nearer  to  each  other. 

The  above-mentioned  circumftances,  by  which 
the  natural  capacity  of  conductors  is  greatly  aug- 
mented, has  been  overlooked,  and  therefore  no 
advantage  has  hitherto  been  deduced  from  it. 
The  following  experiment  will  (hew  this  increafed 
capacity  in  the  fimpleft  manner. 

Experiment  clxxxii.— '-Take  the  metal  plate 
*>f  an  ele&rophorus,  hold  it  by  it's  handle  in  the 
air,  and  eledtrify  it  fo,  that  the  index  of  an  elec- 
trometer annexed  to  it  may  be  elevated  to  6o°, 
then  lower  the  plate  by  degrees  to  a  table,  or 
other  plain  conducting  furface,  the  index  will 
gtadually  fell  from  6oa,  to  500,  400,  300,  &c. 
and  yet  the  quantity  of  eleCtricity  in  the  plate 
remains  the  fame,  except  it  is  brought  fo  near  the 
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table  as  to  occafion  a  tranfmiffion  of  the  eledhv 
city  from  the  former  to  the  latter ;  at  leaft,  it  will 
remain  as  near  the  fame,  as  the  dampnefs  of  the 
air,  &c.  will  permit.  The  decreafe  of  intenfity 
is  owing  to  the  increafed  capacity  of  the  plate, 
which  is  now  not  infulated,  or  Jolitary%  but  con- 
jugal e>  of  communicating  with  another  conduc- 
tor :  for  let  the  plate  be  gradually  removed  from 
the  table,  the  cle&roraeter  will  rife  again  to  it's 
former  ftation,  namely,  to  6o°;  excepting  the 
lofs  that  the  air,  &c.  may  have  occaQoned  during 
the  experiment.  « 

The  reafon  of  this  phenomenon- is  cafily  deri- 
ved from  the  adion  of  eledric  atmofphtfes.  The 
atmofphere  of  the  metal  plate,  which  for  the 
prefent  I  (hall  fuppofe  eledrificd  pofitively,  ada 
upon  the  table,  or  other  conductor,  to  which  it 
is  prefented ;  fo  that  the  eledric  fluid  in  the  table 
retiring  to  the  remoter  parts  of  it,  becomes  more 
rare  in  thofe  parts  which  areexpofed  to  the  metal 
plate,  and  this  rarefaction  increafes  the  nearer  the 
eledrified  metal  is  brought  to  the  table  ;  if  the 
metal  plate  is  electrified  negatively,  the  contrary 
cftefts  take  place.  In  fhort,  the  parts  which  are 
immerfedin  the  fphere  of  adion  of  the  eledrified 
plate,  by  contraQing  a  contrary  eiedricity,  give 
the  ele&ricity  of  the  metal  plate  an  opportunity 
to  expand  itfelf,  and  will  thus  dkniniih its inten- 

fitv- 
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fity,  as  is  (hewn  by  the  depreflion  of  the  electro- 
meter. 

The  two  following  experiments  will  throw 
more  light  upon  the  reciprocal  a&ion  of  the  elec- 
tric atmofpheres. 

Experiment  clxxxiii. — Elcdtrify  two  flat 
conductors,  either  both  pofitively  or  negatively, 
then  bring  them  gradually  towards  each  other, 
and  it  will  appear,  by  two  annexed  ele&rometers, 
that  the  nearer  they  approach  each  other,  the 
more  their  denfities  will  increafe,  as  all  elaftic 
bodies  re-ad  in  proportion  as  they  are  acfted  on  3 
which  ihews,  that  either  of  the  two  conjugate  pow- 
ers has  a  much  left  capacity  to  receive  more  fluid 
now,  than  when  fingly  infulated,  and  out  of  the 
influence  of  the  other.  This  experiment  explains, 
why  the  tenfion  of  the  ele&ric  atmofphere  on  an 
electrified  conductor  is  greater  when  it  is  contrac- 
ted into  a  fmaller  bulk ;  and  alfo,  why  a  long 
extended  conductor  will  fhew  lefs  intenfity  than 
a  more  compact  one,  fuppofing  their  quantity  of 
furface  and  electricity  td  be  the  fame ;  becaufe  the 
homologous  atmofpheres  of  their  parts  interfere 
lefs  with  each  other  in  the  former  than  in  the 
latter  cafe,  and  of  courfe,  as  their  a&ion  is  lefi, 
the  re-a&ion  is  alfo  lefs. 

Experiment 
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Experiment  clxxxiv. — Ele&rify  one  of  theflf 
flat  condudors  positively,  the  other  negatively, 
and  the  cffe&s  will  then  be  jtfft  the  teterfe  of  the 
preceding,  vfe.  themtenGty  of  their  eleftrickics* 
will  be  diminifhed,  becaufe  their  capacities,  or 
their  power  and  facility  of  expanding,  are  in* 
creafed  the  nearer  the  cotodu&ors  come  to  each 
ocher* 

Apply  the  explanation  of  this  laft  experiment 
to  that  mentioned  btfere,  vis.  the  bringing  the 
ef  eftrified  metal  plate  towards  a  cendu&tng  plane^ 
which  is  not  infulated ;  for,  a*  this  plane  acquiitt 
a  contrary  cle&ricity,  it  follows,  that  the  intensity 
of  ekftricity  in  the  metal  plate  muft  be  dimi- 
ntfhed,  and  the  annexed  ek<fot>meter  »d«piefled 
according  as  the  capacity  of  the  plate  is  increafcd, 
or  as  the  denfiry  of  it's  atmofphere  is  diminifhed ; 
and  consequently  the  plate  in  that  fituatton  is 
capable  of  receiving  a  greater  quantity  of  elec-* 
tricity. 

This  will  be  rendered  ftill  clearer  by  the  foU 
towing  experiment* 

Experiment  cutxxv.— Infulate  the  conduce 
ring  plane  whilft  the  other  ctedrificd  plate  is 
upon  it,  and  afterwards  feparating  them,  both 
the  metal  plate  and  conducting  plane,  which  may 
be  called  thcjnferior  plane,  will  be  found  defin- 
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fied,  but  poflefled  of  contrary  eledtricities,  as  may 
be  afecrtained  by  ele&rometers. 

If  the  inferior  plane  is  infuiated  firft,  and  then 
the  ele&rified  plate  is  brought  over  it,  then  the 
latter  will  caufe  an  endeavour  in  the  former  to 
•acquire  a  contrary  electricity,  which  the  infulatioq 
prevents  from  taking  place ;  hence  the  intenfity 
of  the  eledtricity  of  the  plate  is  not  diminifhed, 
fit  leaft  the  ele&romctcr  will  (hew  a  very  little, 
and  almoft  imperceptible  depreffion,  which  fmall 
depreffion  is  owing  to  the  imperfection  of  the 
infulation  of  the  inferior  plane,  and  to  the  fmall 
jrarcfa&ion  and  condenfation  of  the  ele&ric  fluid, 
which  may  take  place  in  different  parts  of  the  fakl 
inferior  plane.  But  if,  in  this  fituation,  the  infer 
rior  plane  be  touched  fo  as  to  cut  off  the  infula- 
tion for  a  moment,  then  it  will  acquire  the 
contrary  eledricity,    and  the  intenfity  in  die 
inetal  plate  will  be  diminifhed. 

If  the  inferior  plate,  inftead  of  being  infu- 
iated, were  itfelf  a  Aon-condu&ing  fubftance, 
then  the  fame  phenomena  would  happen,  via. 
the  intenfity  of  the  electrified  metal  plate  laid 
upon  it  would  not  be  diminifhed.  This,  how- 
ever, is  not  always  the  cafe,  for  if  the  faid  infe- 
rior non-condu&ing  plane  is  very  thin,  and  is 
laid  upon  a  conductor,  then  the  intenfity  of  the 
tle&rified  metal  plate  will  be  difcunifhed,  and 

it'a 
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jt'i  capacity  will  be  increafed  by  being  laid  upon 
the  thin  infulating  ftratum  :  as  in  that  cafe,  the 
conducting  fubftance,  which  (lands  under  the 
non-condu&ing  ftratum,  acquiring  an  electricity 
contrary  to  that  of  the  metal  plate,  will  diminiih 
it's  intenfity,  &c.  and  then  the  infulating  ftratum 
will  only  diminifti  the  mutual  adtion  of  the  two 
atmofpheres  more  or  kfs,  according  as  it  keeps 
them  at  greater  or  finalier  diftances  from  each 

other. 

The  intenfity  or  elcftric  adion  of  the  metal 
plate,  which  diminifhes  gradually  as  it  is  brought 
nearer  and  nearer  to  a  conducing  plane  not  infu- 
lated,  becomes  almoft  nothing  when  the  plate 
is  nearly  in  contact  with  the  plane,  the  coropen- 
fation  or  natural  ballance  being  nearly  pcrfeft. 
Hence,  if  the  inferior  plane  only  oppofes  a  fmall 
refiftance  to  the  paflage  of  the  ele&ricity,  (whe- 
ther fuch  refiftance  is  occafioned  by  a  thin  elec- 
tric ftratum,  or  by  the  plane's  impcrfeft  con- 
ducing nature,  as  is  the  cafe  with  dry  wood, 
marble,  &c.)  that  refiftance,  joined  to  the  inter- 
val, however  fmall,  that  is  between  the  two  plates, 
cannot  be  overcome  by  the  weak  intenfity  of  the 
electricity  of  the  metal  plate,  which  on  that  ac- 
count will  not  dart  any  fpark  to  the  inferior  plane, 
(except  it's  eledtricity  were  very  powerful,  or  it's 
edges  not  wc\l  rounded)  and  will  rather  retain 
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it's  electricity ;  fo  that  being  removed  from  the 
inferior  plane,  it's  eledtromcter  will  nearly  recover 
it's  former  height,  Befides,  the  electrified  plate 
may  even  come  to  touch  the  imperfedtly  con- 
ducing plane,  and  may  remain  in  th^f  Situation  for 
fome  time ;  in  which  cafe,  the  intenfity  being 
reduced  almoft  to  nothing,  the  electricity  will 
accordingly  pafs  but  flowly  to  the  inferior  $>lane. 
But  the  cafe  is  different,  if,  in  performing  this 
experiment,  the  eleCtrified  metal  plate  touches 
the  inferior  plane  edgewife,  for  then  it's  intenfity 
being  greater  than  when  it  is  laid  flat,  as  appears 
by  the  eleftrometer,  the  electricity  eafily  over- 
comes the  fmall  refinances,  and  pafles  to  the 
inferior  plane,  even  acrofs  a  thin  ftratum,  becaufe 
the  eledtricity  of  one  plane  is  balianced  by  that  of 
the  other,  only  in  proportion  to  the  quantity  of 
furface  which  they  oppofe  to  each  other  within 
a  given  diftance;  fo  that  when  the  metal  plate 
touches  the  other  plane  in  flat  and  ample  contad, 
it's  eledtricity  is  not  diflipated.  This  apparent 
paradox  is  clearly  explained  by  the  theory  of 
eledtric  atmofpheres. 

It  is  (till  more  like  a  paradox,  that  neither 
touching  the  metal  plate  with  a  finger  or  piece 
of  metal  will  deprive  it  of  all  it's  eledtricity, 
while  (landing  upon  the  proper  plane  ;  fo  that 
it  generally  leaves  it  fo  far  el&ftrified,  that  when 
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feparatcd  from  the  plane,  it  will  give  a  fpark. 
Indeed  this  phenomenon  could  not  be  explained 
on  the  fuppofition,  that  the  finger  or  metal  were 
pcrfett  condu&ors.  But,  fince  we  do  not  know 
of  any  perfeft  conductor,  the  metal  or  finger  op* 
pofe  a  fufficient  refiffance  to  retard  the  imme- 
diate diflipation  of  the  cle&ricity  of  the  plate, 
which  is  in  that  cafe  -aduatcd  by  a  very  fmall 
degree  of  intenfity,  or  power  ofexpanfion;  fo 
that,  fuppofe  for  inftance,  the  piece  of  metal 
or  finger  touching  the  plate  took  off  fo  much  of 
it's  eledtricity  as  to  reduce  the  intenfity  of  the 
remainder  to  the  50th  part  of  a  degree,  this  re- 
maining ele&ricity  would  be  then  nothing ;  but 
when  the  plate,  by  being  feparatcd  from  the  in- 
ferior plane,  has  it's  capacity  fo  far  diminifhed 
as  to  render  the  intenfity  of  it's  eledlricity  100 
times  greater,  then  the  intenfity  of  that  remain- 
ing electricity  would  become  of  two  degrees  or 
more,  viz,  fufficient  to  afford  a  fpark. 

Having  confidered  in  what  manner  the  a&ion 
of  elaftric  atmofpheres  modifies  the  elcQricity 
t  of  the  metal  plate  in  it's  various  fituations,  we 
fhall  now  cohfider  the  effecfts  which  take  place 
when  the  ele<5tricity  is  communicated  to  the 
metal  plate,  whilft  (landing  upon  a  metal  plane. 
As  the  whole  bufinefs  has  been  proved  in  the 
preceding  pages,  it  is  eafy  to  deduce  the  appli- 
cations 
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cations  from  it :  ncverthelefs,  it  will  be  ufeful 
to  exemplify  it  by  an  experiment. 

Experiment  cjLXxxvi.—Suppofe  a  Leyden 
phial  or  a  conductor,  fo  weakly  electrified  that 
it's  intenfity  is  one  half  a  degree,  or  even  lefs  y 
if  the  metal  plate  of  the  condenfer,  when  {land- 
ing upon  it's  proper  plane,  was  to  be  touched 
with  that  phial  or  condu&or,  it  is  evident,  that 
eithqr  of  them  would  impart  to  it  a  quantity  of 
it's  electricity,  proportional  to  the  plate's  ca- 
pacity, viz.  fo  much  as .  fhould  make  the  inten- 
fity of  the  eleftricity  of  the  plate  equal  to  that  of 
the  cle&ricity  in  the  conductor  or  phial,  viz, 
half  a  degree ;  but  the  plate's  capacity,  now  it 
lies  upon  a  proper  plane,  is  above  100  times 
greater  than  if  it  flood  infulated  in  the  air,  or 
which  is  the  fame  thing,  it  acquires  100  times 
more  eledlricity  from  the  phial  or  conductor.  It 
naturally  follows,  that  when  the  metal  plate  is  re* 
moved  from  the  proper  plane,  it's  capacity  being 
leffened  fo  as  to  remain  equal  to  the  1  ooth  part 
of  what  it  was  before,  the  intenfity  of  it's  elec- 
tricity muft  become  500,  fince  the  intenfity  of 
the  eledlricity  in  the  phial  or  condu<5tor  was  half 
a  degree. 

If  a  fmali  quantity  of  elefiricity,  applied  to 
the  metal  plate  of  the  condenfer,  enables  it  to 
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give  a  ftrong  fpark,  it  may  be  alked,  What  would 
a  greater  quantity  do  ?  Why  nothing  more.  Be- 
caufe,  when  the  eledtricity  communicated  to  the 
metal  plate  is  fo  ftrong  as  to  overcome  the  fma\i 
refiflance  of  the  inferior  plane,  it  will  be  difli- 
patcd. 

It  is  eafy  to  underftand,  that  if  the  metal  plate 
of  the  condenfer  can  receive  a  good  fhare  of 
"  electricity  from  a  Leyden  phial  or  ample  conduc- 
tor, however  weakly  elc&rified,  it  cannot  re- 
ceive any  confiderable  quantity  of  it  from  a  con- 
ductor of  fmall  capacity;  for  this  conductor 
cannot  give  what  it  has  not,  except  it  were  con- 
tinually receiving  a  ftrcam,  however  fmall,  as  is 
the  cafe  with  an  atmofpherical  conduQor,  or  with 
the  conductor  of  a  machine  which  afts  very 
poorly,  but  continues  in  action.  In  thofe  cafes 
it  has  been  obferved,  that  a  confiderable  time  is 
required  before  the  metal  plate  has  acquired  a 
fufficient  quantity  of  electricity. 

As  an  ample  conductor,  weakly  electrified, 
imparts  a  confiderable  quantity  of  elcftricity  to 
the  metal  plate  of  the  condenfer,  fo  when  this 
plate  is  afterwards  feparated  from  it's  plane,  the 
eledtricity  in  it  appears  much  condenfed  and 
vigorous ;  when  the  fame  plate  contains  a 
fmall  quantity  of  eledricity,  fuch  a,s  cannot 
give  a  fpark  or  affceft  an  electrometer,  that  elec- 
tricity 
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tricity  may  be  rendered  very  confpicuous  by 
communicating  it  to  another  fmall  plate  or  con- 
denfer. 

Mr.  Cavallo  firft  thought  of  this  improve- 
ment, by  reafoning  on  Mr.  Volta's  experiments. 
He  made  a  fmall  metal  plate  not  exceeding  the 
fize  of  a  (hilling.  This  fecond  condenfer  is  of 
great  ufe  in  many  cafes,  where  the  eledlricity  is 
fo  fmall  as  not  to  be  at  all,  or  not  clearly  ob- 
fcrvable  by  one  condenfer  only,  as  has  been  Tully 
proved.  Sometimes  the  ufual  metal  plate  of  a 
condenfer  acquires  fo  fmall  a  quantity  of  elec- 
tricity, that  being  afterwards  taken  from  the 
inferior  plane,  and  pr?fented  to  an  extremely 
fenfible  ele&ro meter,  made  by  Mr.  Cavallo,  it 
did  not  affedt  it.  In  this  cafe,  if  the  faid  plate, 
thus  •> weakly  ele&rified,  was  made  to  touch  the 
other  fmall  plate  properly  fituatcd,  and  was  af- 
terwards brought  near  an  eledrometer,  the  elec- 
tricity was  then  generally  ftronger  than  was  fuf- 
ficicnt  merely  toafcertain  it's  quality. 

Now,  if  by  the  help  of  both  condenfers,  the 
intenfity  of  the  eledbricity  has  been  augmented 
1 000  times,  which  is  by  no  means  an  exagge- 
ration, how  weak  muft  then  be  the  ele&xicity  of 
the  body  examined  !  how  fmall  the  quantity  of 
eledlricity  that  is  produced  by  rubbing  a  piece 
Qf  njctal  with  one's  hand !  fince  when  it  is  con- 
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denfcd  by  both  condenfers,  and  then  communi- 
cated to  an  ele&rometer,  it  will  hardly  affeft 
that  inftrument,  and  yet  is  fufficicnt  to  afford 
cqnviQion,  that  the  metal  can  he  ele&rified  by 
the  fri&ion  of  a  perfon's  hand. 

Jkfore  the  difco very  of  the  condenfer  and  Mr. 
Cavallo's  very  fenfible  eledtrometer,  we  were  for 
from  being  able  to  difcover  fuch  weak  excita- 
tions; whereas,  at  prefent,  we  can  obferve  a 
quantity  of  ele&ricity*  incomparably  (mailer 
than  the  fmalleft  obfervablc  at  thofe  times. 
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CHAP.      XlL 

Of  Atmospherical  Electricity. 

IT  is  now  univerTally  acknowledged  by  evety 
philofopher,  that  theele&ric  fluid  is  diflfeml- 
toated  through  the  whole  atmofphere :  it  is  alfb 
known,  that  the  motion  of  this  fluid  is  reftttifted 
when  it  adts  in  denfe  air,  but  it  moves  with  tht 
great  eft  liberty  in  a  vacuum  or  ratified  air,  as  ill 
an  exhaufted  receiver.  Therefore  at  a  great 
height,  where  the  air  is  equally,  if  n6t  m6rfc  ra- 
rifled  than  in  our  receivers,  it's  motion  tnuft  bft 
exceeding  free,  and  hence  capable  df  the  grtaftffc 
effe&s :  becaufe  it  can  be  moved  from  one  plaCS 
to  another  with  extreme  eafe  and  rapidity,  ahd 
in  great  quantities ;  and  if,  as  many  philofa- 
phers  believe,  the  ele&ric  fluid  is  that  ethtt  dr 
fubtil  matter  which  fills  the  intervals  betftteh 
the  planets,  how  great  muft  be  the  force  of  ah 
agent  which  fills  thefe  immenfe  fpaces !  Be  this 
as  it  will,  we  know  that  the  upper  ftrata  of  ait 
are  filled  with  this  fluid,  and  that  it  moyes^thtrfe 
freely. 

Again,  we  know  that  water,  whether  in  fub- 

ftance  or  in  vapour,  is  a  conductor  of  cledlricity  ; 

tkat  in  proportion  as  air  is  loaded  with  it,  rt 
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refills  lefs  the  motion  and  diffufion  of  the  elec- 
tric fluid:  confequently,  if  vapour  rifes  to  a 
great  height,  it  becomes  a  condu&or  and  canal 
of  communication  between  this  immenfe  refer- 
voir,  this  ocean  of  free  eledtric  fluid,  and  the 
entire  mafs  of  our  globe.  If  then  this  fluid  is 
more  refrained  at  one  part  of  our  globe,  than  it 
is  in  correfponding  parts  of  the  higher  regions, 
the  vapours  will  be  the  medium  to  rcftore  the 
equilibrium.  But  this  equilibrium  will  not  laft 
long,  for  it  is  natural  to  fuppofe  this  immenfe 
fluid  fubjeft  to  a  flux  and  reflux,  currents,  &c. 
which  will  alter  it's  local  denfity.  Thus  alfo 
this  fluid,  which  is  contained  in  our  globe,  can- 
not be  long  uniformly  fpread  through  it's  mafs, 
as  there  are  ten  thoufand  agents,  which  will 
cither  accumulate  or  rarify  it :  confequently  va- 
pour will  fcarce  ever  rife  without  ferving  as  a 
vehicle  to  maintain  the  equilibrium  between  our 
globe  and  the  fluid  in  the  higher  regions  of  the 
atmofphere. 

This  theory  is  fo  natural  a  confequence  of  the 
moft  immediate  and  certain  principles  of  electri- 
city, that  it  feems  almoft  fuperfluous  to  confirm 
it  by  the  phenomena  which  it  explains.  It  is 
the  only  one  that  accounts  for  the  following  fa&, 
that  vapours  never  rife  to  a  great  height  without 
producing  the  moft  terrible  meteors.     All  con- 
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fiderable  volcanic  produSions  are  accompanied 
with  lightning.  The  fire  which  riles  from  the 
earth  feems  to  light  that  of  heaven.  The  coluipn 
of  vapour"  which  proceeds  from  the  bowels  of  a 
volcano  is  continually  traverfed  by  lightning,* 
which  fometimes  feeftis  to  proceed  from  the 
higher  regions,  fometimes  from  the  column  itfelf. 
Hail,  which  neceffarily  fuppofes  the  afcenfion  of 
vapour  to  a  confiderable  height,  is  always  ac- 
companied with  electricity.  The; aurora  borealis 
is  alfo  electrical ;  it's  light  feems  to  be  produced 
by  the  eleftric  fluid,  at  the  inftant  it  is  con* 
denfed  in  palling  in  the  columns. of  elevated  va- 
pour. 

Waterfpouts,  whirlwinds,  and  even  earth- 
quakes, are  in  a  great  meafure  the  effefts  of  tor- 
rents of  the  eledric  matter,  attra&ed  from  the 
higher  regions  by  torrents  of  vapour.  In  3, 
word,  can  the  eleftricity  of  the  clouds  be  attri- 
buted to  a  more  natural  or  probable  caufe  ?f 

For  the  fubjedt  pf  this  chapter  we  are  prin- 
cipally indebted  to  P.  Beccaria, '  who  has  for 
many  years  accurately  obferved  the  various 
changes  in  the  ele&ricity  of   the  atmofphere, 

Gg  and 

*  The  younger  Pliny  obferved  thefc  lightnings  in  the 
eruption  which  killed  his  uncle.    Sir  William  Hamilton 

has  alfo  obferved  them  feveral  times. 

*•       »*  * 

i  Sauflure's  Effais  fur  rHygrometrie,  p.  275^ 
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qnd  their  relation  to  the  other  phaenomena  of 
the  weather.  His  apparatus  was  admirably  well 
adapted  for  this  purpofe,  and  fuperior  to  any 
thing  that  we  are  at  prefcnt  acquainted  with, 
for  intimating  eafirty  and  at  all  times  the  elec- 
tricity of  the  air.  It  not  being  at  firft  fufpe&ed, 
that  clcdricity  was  fo  intimately  blended  with 
every  operation  of  nature,  as  it  is  now  knowa 
to  be,  the  labourers  in  this  part  are  of  courfo 
very  few;  the  principal  are  P.  Beccaria*  Mr. 
Ronayne,  and  Mr.  Cavallo. 

I  have  extm&ed  and  methodized  the  refults 
oftheobfervations  made  by  P.  Beccaria,  intro- 
ducing occafionally  thofe  made  by  others,  that 
the  reader  might  be  in  pofleflion  of  the  moft 
material  facts,  and  excited  to  inveftigate  and 
purfue  with  attention  this  delicate  and  important 
fubjeft;  for,  indeed,  little  certainty  can  be 
expedtcd  from  any  fyftem  of  meteorology,  where 
the  a&ion  of  the  principal  agent  is  not  particu- 
larly confidered  and  attended  to. 

The  apparatus  ufed  by  P.  Beccaria,  for  in- 
veftigating  the  ele&ricity  of  the  atmofphere, 
was  an  iron  wire,  which  he  terms  an  exploring 
wire,  one  hundred  and  thirty-two  feet  long.  It 
was  fixed  at  one  end  to  a  pole  raifed  over  the 
chimney,  the  other  end  was  fattened  to  the  top 
cf  a  cherry-tree.    The  extremities  of  the  wire 

were 
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Hare  infulated,  and  corered  with  a  fmall  urn- 
brella  of  tin.  Another  wire  was  brought  ffotn 
this,  (through  a  thick  glafs  tube,  cdated  with 
fealing-wax)  into  the  room ;  by  which  means, 
continual  information  of  the  ftatc  of  the  ele&ri- 
.  City  in  the  exploring  wire  was  obtained.  He 
tonne&ed  with  this  wire  a  fmall  flip  of  metal,  on 
each  fide  of  which  was  a  fmall  pith  ball,  one  line 
Skiameter ;  the  balls  were  fufpended  by  filk 
threads,  iixteen  lines  long. 

Air-balloons  will  ptobably  enable  us  to  dif- 
eotrer  With  certainty  the  eleftricity  of  the  differ 
rent  ftrata  of  the  atmofphcrc.  Mr.  de  Sauflure 
has  already  made  the  experiment  with  a  balloon 
made  of  taffety,  containing  two  hundred  cubic 
feet  of  air,  and  which  was  raifed  by  the  heat 
from  the  flame  of  fpirit  of  wine :  with  this,  in 
cloudy  btit  calm  weather,  he  obtained  a  ftrong 
pofitive  electricity.* 

The  eleflxicity,  in  ferene  weather,  generally 
taakes  each  tif  the  balls  diverge  about  fix  lines ; 
when  it  is  very  'ftrong,  they  will  diverge  fifteen 
Or  twenty  degrees  front  the  metal  plate ;  when 
wgak,  th£  divergence  is  very  fmall. 

In  fereftc  weather,  the   Wire,    after  being 

%  G  g  2  touched, 

•  Fauja*  <Jc  St.  Fond,  Dcfcription  dcs  Experiences 
Atroftatiques,  torn*  IL  p.  *JU 
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touched,  will  take  a  minute  or  longer  before  it 
again  (hews  figns  of  ele&ricity ;  though,  at  other 
times,  it  will  become  ele&rificd  in  the  fpace  of 
a  fecond. 

The  eleftricity  during  ferene  weather  is  always 
pofitive**  There  are  few  inftances  in  which  it  is 
negative,  and  then  k  is  brought  over  by  the 
wind  from  fome  part  of  the  atmofphere,  (per- 
haps very  diftant  from  the  place  of  obfervation) 
where  there  is  either  fog,  fnow,  rain,  or  clouds. 
The  whole  feries  of  obfervations,  which  P. 
Beccaria  has  made,  confirm  this  pofuion.  He 
fcems  to  have  met  with  only  three  or  four  in- 
ftances to  the  contrary. 

Dr.  Franklin  has  obferved,  that 'the  clouds 
are  fometimes  negative,  which  is  certainly  true ; 
becaufe  they  will  at  times  abforb,  at  and  through 
the  apparatus,  a  large  and  full  bottle  ofpofitivc 
ele&ricity,  of  which  the  apparatus  could  not 
have  received  and  retained  the  hundredth  part. 
And  it  is  cafy  to  conceive,  how  a  ftrongly  charged 
large  politive  cloud  may  reduce  fmaller  clouds 
to  a  negative  (late. 

The  eledtricity  of  the  atmofphere  is  very  much 
conne&ed  with  the  (late  of  the  air,  as  to  moiflure 
and  drynefs ;  fo  that  it  is  neceflary  to  attend  to 
the  hygrometer,  in  order  to  form  a  proper  judg- 
ment of  the  different  degrees  of  eledtricity  at 
5  different 
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different  times.     That  invented  by  Mr.  Coven- 
try,  which  is  made  of  hatters  •  paper,  will  anfwer 
bed ;  it  is  very  fallible,  abforbs  moifture  foon, 
and  parts  with  it  eafily.     Comparative  obfer- 
vations  may  alfo  be  made  with  it.    It  is  alfa 
neceflary  to  place  a  thermometer  near  the  hy- 
grometer, to  afcertain  what  quantity  of  moifture 
the  air  can  keep "  in  folution  with  a  given  degree 
of  heat :  though  this  objedt  will  more  probably 
be  obtained  by  obferving  accurately  the  quan- 
tity of  moifture  evaporated  from  a  given  furface 
at  different  times.     It  is  alfo  to  be  obferved, 
that  the  different  degrees  of  denfity  in  the  air 
will  afFeft  the  quantity  of  moifture  which  is 
retained  in  the  air. 

The  moifture  in  the  air  is  the  conftant  con* 
dudtor  of  the  atmofpheric  eledtricity  during  clear 
weather ;  and  the  quantity  of  eledtricity  is  pro- 
portioned  to  the  quantity  of  mpifture  which 
furrounds  the  exploring  wire ;  except  there  » 
fo  much  as  to  leffen  the  exa&nefs  of  the  infu* 
lation  of  the  wire  and  of  the  atmofphcre.     \n 
a  dry  ftate  of  the  air,  it  will  fometimes  be  above 
a  minute  before  the  balls  will  manifeft  any  elec- 
tricity after  the  wire  has  been  touched ;  though 
in  a  damper  ftate,  a  fecond  will  fcarce  elapfc 
before  rapid  ofcillations  of  the  balls  may  be  ob- 
ferved 
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ferved  between  the  finger  and  the  plate  of  brafs 
to  which  they  are  affixed.  * 

The  eleftricity,  when  the  weather  clears  up, 
is  always  pofitivc.  When  the  weather  is  clearing 
tip,  and  becomes  dry  quickly,  the  eledtricity 
rifes  to  a  great  degree  of  intenfity,  and  affords 
frequent  opportunities  for  repeating  the  obfer-* 
vations.  It  fometimes  happens,  that  the  elec- 
tricity, caufed  by  the  clearing  up  of  tht  weather, 
continues  in  it's  ftate  of  intenfity  for  a  long 
while ;  and  alfo,  after  being  interrupted!,  it  be- 
gins afrefh.  Thefe  accidents  fecfm  to  be  owing 
to  the  ele&ricity  being  brought  over  by  the  wind 
from  great  diftances. 

P.  Becearia  fays,  that  whenever  he,  obferved 
that  the  thick  low  clouds  which  were  over  his 
head  began  to  break,  and  the  rare  even  clouds, 
which  are  above  the  former,  became  dilated,  that 
the  rain  ceafed,  and  the  balls  diverged  with  po- 
fitive  eledtricity,  he  always  wrote  down  cer- 
tain TENDENCY  TO  CtEAR  WEATHER. 

Prior  Ceca  fays,  that  a  ftrong  pofitive  elec- 
tricity 

*  In  making  obfervattotis  on  the  ele&ricity  of  the  atmo- 
sphere in  clear  weather,  it  is  effential  to  repeat  them  very 
irequentiy ;  i.  e.  to  obferve  the  velocity  with  which  the 
electricity  rifes  after  it  has  been  annihilated ;  which  P.  Bec- 
earia generally  eftimated  by  the  number  of  feconds  elapfed 
before  the  balls  began  to  manifeft  their  electricity. 
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tricky  after  rain  is  an  indication  that  the  weather 
will  continue  fair  for  feveral  days.  If  the  elec- 
tricity is  weak,  it  is  a  fign  that  the  fair  weather 
will  not  lad  the  whole  day,  but  that  it  will  foon 
be  cloudy,  and  even  rain. 

If,  when  the  fky  grows  clouded  over  the  place 
of  observation,  and  a  high  cloud  is  formed,  with- 
out any  fecondary  clouds  under  it,  and  that  it 
is  not  an  extenfion  of  a  cloud  which  drops  rain 
elfewhere,  either  no  eledricity  takes  place,  or  it 
is  poGtiye. 

If  the  clouds  which  are  gathering  are  fhaped 
like  locks  of  wool,  and  keep  moving  firft  nearer 
to,  and  then  feparating  frpm  each  other ;  or,  if 
the  general  cloud  which  is  forming  lies  very 
high,  and  is  fl  retched  downwards  like  defend- 
ing fmoke,  then  pofitive  eledricity  commonly 
takes  place,  which  is  more  or  lefs  ftrong  in  pro- 
portion to  the  quicknefs  with  which  this  cloud 
forms  ;  and  it  foretels  the  greater  or  lefs  quan- 
tity and  velocity  of  the  rain  or  fnow  which  is  to 
follow. 

When  a  thin,  even,  and  extenfive  cloud  is 
forming,  which  darkens  the  fky,  and  turns  it 
into  a  grey  colour,  a  ftrong  and  repeated  pofi- 
tive eledricity  takes  place;  but  in  proportion 
as  the  gathering  of  the  cloud  flackens,  this 
eledricity  leflens,  or  even  fails.  On  the  con- 
trary, 
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trary,  if  the  rare  extenfive  cloud  is  gradually 
formed  of  fmaller  clouds,  like  locks  of  wool, 
which  are  continually  joining  to,  and  parting 
from  each  other,  the  pofitive  cle&ricity  com* 
monly  continues. 

Low  and  thick  fogs  (efpecially  when  as  they 
rife  the  air  above  them  is  free  from  moifture) 
carry  up  to  the  exploring  wire  an  ele&richy 
which  will  give  fmall  fparks  repeatedly,  and 
produce  a  divergence  of  the  balls  from  20°  to 
2  50,  or  even  300.  If  the  fog  grows  fluggifh,  and 
continues  round  the  exploring  wire,  the  ele&ricity 
foon  faih;  but  if  it  continues  to  rife,  and 
another  cloud  fucceeds,  it  eledhrifies  again  the 
wire,  though  lefs  than  before.  Sky-rockets  font 
through  fuch  thick,  low,  and  continued  fogs, 
often  afford  figns  of  electricity.  P.  Beccaria, 
under  any  one  of  the  circumftances  above 
defcribed,  never  met  with  an  inftance  of  nega- 
tive eleQricity ;  except  perhaps  once,  when  be 
fent  a  fky-rocket,  to  which  a  firing  was  fixed, 
through  a  low  thick  fog;  though  he  had 
afterwards  every  reafon  to  think,  that  he  had 
miftaken  a  false  little  star  for  a  true  one. 

Mr.  Ronayne  obferved,  that  the  air  in  Ireland 
was  generally  electrified  in  a  fog,  and  even  in  a 
mift,  and  that  both  day  and  night,  but  prin- 
cipally ia  winter;  feldom  in  fummer,  except 

from 
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from  pofitive  clouds,  or  cool  fogs.  The  clc&ri- 
city  of  the  air  in  a  froft  or  fog  is  always  pofitive. 
He  fays,  that  he  has  often  obfcrvcd,  during  what 
feemed  the  paffing  of  one  cloud,  fucceffive 
changes  from  negative  to  pofitive,  and  from 
pofitive  to  negative. 

N.  B.  Mod  fogs  have  a  fmell  very  like  an 
excited  glafs  tube. 

Mr.  Henly  has  fhewn,  that  fogs  are  mom 
ftrongly  ele&rified  in,  or  immediately  after  a 
froft,  than  at  other  times ;  and  that  the  elecflricity 
in  fogs  is  often  the  ftrongeft  foon  after  their  ap- 
pearance. 

Whenever  there  appears  a  thick  fog,  and  at 
the  fame  time  the  air  is  fharp  and  frofty,  that 
fog  is  ftrongly  ci&trified  pofitively. 

Though  rain  is  not  an  immediate  caufe,  yet 
he  is  inclined  to  think,  it  was  always  a  remote 
confequence,  of  elc£ricity  in  the  atmofpherc; 
and  he  generally  found,  that  in  two  or  three  days 
after  he  had  difcovered  the  air  to  be  ftrongly 
ele&rified,  we  had  rain*  or  other  falling  wea- 
ther. 

If,  in  clear  weather,  a  low  cloud,  which 
moves  (lowly  and  is  confiderably  diftant  from  any 
other,  paffes  over  the  wire,  the  pofitive  electricity 
generally  grows  very  we*k,  but  does  not  become 
negative;  and  when  th«  cloud  is  gooe,  it  returns 

Hh  to 
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to  it's  former  ftatc.  When  many  whitilh  clouds, 
like  locks  of  wool,  keep  over  the  wire,  fometimes 
uniting  with,  and  then  fc  pa  rating  from  each 
other,  thus  forming  a  body  of  confiderable  extent, 
the  pofitive  eleQricity  commonly  increafes.  In 
all  the  above  circumftances  the  pofitive  electricity 
never  changes  to  a  negative  one. 

The  clouds  which  leffen  the  elc&ricity  of  the 
exploring  wire  are  thofe  which  move ;  though 
thofe  that  are  low  feem  alfo  to  have  the  fan* 
effctf. 

Of  the  Diurnal  Atmospherical  Electri- 
city. 

In  the  morning,  when  the  hygrometer  indi- 
cates a  degree  of  drynefs  equal  to,  or  little  lefs 
than  that  of  the  preceding  day,  an  eleftricity 
takes  place  before  the  fun  rifes ;  which  is  mam* 
felled  by  jun&ions,  adhefions,  or  even  a  diver- 
gence of  the  bails,  and  is  proportioned  to  the 
drynefs  of  the  air,  and  the  fmallnefs  of  it's  dif- 
ference from  that  of  the  preceding  day.  If  this 
ftate  of  drynefs  does  not  obtain,  no  difcernible 
ele&ricity  will  be  perceived  before,  or  even  for 
a  little  while  after,  the  rifing  of.  the  fun.  As  the 
.air  is  generally  damp  in  the  night,  eleftricity  is 
feldom  obferved  before  the  fun  rifes.  During 
l.  '  three 
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three  months  obfervations,  P.  Beccaria  found  the 
electricity  before  the  fun  rofe  only  eighteen 
mornings ;  and  from  the  whole  of  his  numerous 
obfervations  it  appears,  that  the  appearance  of. 
de&ricity  in  winter  before  fun-rife  is 'more 
frequent  that  in  the  fummer,  efpecially  if  the 
dampnefs  from  hoar-froft  is  prevented  from 
afFe&ing  the  apparatus. 

In  the  morning,  as  the  fun  rifes  higher,  the 
electricity,  whether  it  began  before  fun-rife  or 
only  after,  gradually  increafes.  This  gradual 
increafe  of  the  morning  ele&ricity  begins  fooner, 
if  the  hygrometer  continues  after  fun-rife  to 
indicate  a  greater  degree  of  increafing  drynefs. 
The  intenfity  and  the  rife  of  the  ele&ricity  (after 
it  has  been  annihilated  by  touching  the  exploring 
wire)  lads  in  ferene  days,  in  which  no  impetuous 
wind  takes  place,  and  the  hygrometer  is  ftationary 
at  the  higheft  degree  it  has  attained  that  day,  till 
the  fun  draws  near  the  place  of  it's  fctting. 
When  the  fun  is  near  fetting,  and  in  proportion 
as  the  hygrometer  abforbs  the  moifture,  the 
intenfity  of  the  daily  ele&ricity  leflens. 

Though  the  hygrometer  may  indicate  equal 
degrees  of  drynefs  at  twelve  o'clock,  in  different 
days,  yet  the  ele&ricity  will  appear  fooner  after 
being  deftroyed  on  fome  days  than  on  others; 
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and  this  is  in  a  great  meafure  proportioned  to 
the  increafe  of  heat.  The  ele&ricity  moreover 
commences  on  fuch  days  later  in  the  morning, 
and  falls  fooner  in  the  evening. 

The  fri&iftn  of  winds  againft  the  furface  of 
the  earth  is  not  the  caufe.  of  atmolpheric  elec- 
tricity. Impetuous  winds  leflen  the  intenfity 
of  the  ele&ricity  in  clear  weather.  If  they  are 
damp,  they  leflen  it's  intenfity  in  proportion  to 
the  diminution  they  caufe  in  the  exa&nefs  of  the 
infulation  both  of  the  wire  and  atmofphere. 

Of  the  Electricity  produced  by  the 

Evening  Dew. 

In  cold  feafons,  if  the  (ky  is  clear,  little  wind* 
and  a  great  degree  of  increafing  drynefs,  an 
ele&ricity  of  confiderable  intenfity  arifes  after 
fun-fet,  as  foon  as  the  dew  begins.  The  fre- 
quency of  fuch  ele&ricity  is  moreover  greater 
than  that  of  the  daily  ele&ricity,  and  it  yanifhe; 
flowly. 

In  temperate  or  warm  feafons,  if  the  fame 
circumftances  as  above  take  place,  an  ele&ricity 
intirely  fimilar  to  the  former  arifes  as  foon  as  the 
fun  has  fct ;  only  it's  intenfity  is  not  fo  conftant ; 
it  begins  with  greater  rapidity,  and  ends  fooner. 
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If,  under  the  above  circumftances  refpeo- 
tively,  the  general  drynefs  of  the  air  happens  to 
be  lefs,  the  ele&ricity  that  rifes  in  the  evening^ 
when  the  dew  begins,  is  lefs  in  proportion  to  the 
diminutions  of  the  exa&nefs  of  the  infulation  of 
both  the  exploring  wire  and  the  atmofphere  * 
but  correfpondently  to  the  greater  quantity  of 
dew,  the  frequency  of  the  ele&ricity  is  greater. 

The  electricity  of  dew  feems  to  depend  on  tbe 
quantity  of  dew,  and  to  follow  in  it's  various 
changes,  proportions  fimilar  to  thofe  which  take 
place  between  the  eleQricity  of  calm  mild  rain, 
and  that  of  rainy  and  ftorxny  weather,  anil 
varies  alfo  according  to  the  feafons. 

As  rain,  ihowers,  the  Aurora  Borealis,  and* 
the  zodiacal  light,  have  a  tendency  to  appear 
for  fevcral  fucceflive  days  with  the  fame  cha* 
rafteriftic  accidents,  fo  the  ele&ricity  of  dew' 
feems  to  have  as  it  were  an  inclination  to  appear 
for  feveral  evenings  fucceffivcly  with  the  lame1 
chara&ers, 

Experiment  clxxxvii. — Let  the  air  in  a  well* 
clofed  room  be  eledtrified ;  that  is  to  fay,  the' 
moifture  and  other  vapours  diffufed  ink:  theii 
let  a  bottle,  filled  with  water  colder  than  the  air 
in  the  room,  and  infulated  on  a  tube  of  glaft, 
fee  railed  pretty  high  in  this  room.    Care  muft 
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.  be  taken  to  prefcrve  the  infulation  of  the  glafs, 
yfith  warm  cloths.  The  elecflric  figns  that  will 
Urife  in  two  threads  fufpended  to  fuch  bottle,  will 
cxa&ly  reprefent  the  eledtricity  of  dew;  and 
they  will  exhibit  the  different  manner  after  which 
this  cle&ricity  takes  place,  according  as  the 
cle&rified  vapours  in  the  room  are  more  or  lefs 
rare ;  as  the  difference  between  the  heat  of  the 
air  in  the  room,  and  that  of  the  water  in  the  bottle 
k  lets  or  greater,  and  the  infulation  of  the  bottle 
is  more  or  lefs  exadt. 

In  a  thunder-ftorm  Mr.  Ronayne  obferved, 
that  the  flafhes  would  caufe  fudden  changes. 
Sometimes  the  ele&ricity  would  be  extended, 
fbmetimes  diminifhed ;  at  other  times  increafed, 
and  fometimes  even  changed  to  the  contrary 
again,  though  none  was  perceived  before;  it 
would  come  on  fuddenly  with  a  flafh  of  lightning. 
A  large  thunder-cloud,  when  it  darkens  the 
hemifphere,  does  not  produce  fo  much  elecftricity 
as  a  branch  of  it,  or  even  as  a  common  fhower; 
that  a  ftorm  does  not  go  in  a  regular  current  of 
the  wind,   but  obliquely  and  zig-zag;  viz.  it 

rains  in  that  region  from  whence  the  ftorm  is  to 

proceed, 

Experiments 
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Experiments  and  Observations  on  Atmo- *? 
spherical  Electricity,  by  Mr.  Cavallo. 

Thefc  were  principally  made  with  an  electrical 
kite,  which  will  colleft  electricity  from  tkfc  air 
at  any  time.  The  power  of  this  inftrument 
refides  in  the  ftring.  The  beft  method  of 
making  the  ftring  is  by  twitting  two  threads  of 
common  twine  with  one  of  that  copper  thread 
which  is  ufed  for  trimming :  a  fchooiboy's  kite 
with  this  firing  anfwers  the  purpofe  as  well  as 
any  other.  When  a  kite  conftru&ed  in  this 
manner  was  raifed,  Mr.  Cavallo  fays  he  always 
obferved  the  ftring  to  give  figns  of  ele&ricity, 
except  once ;  the  weather  was  warm,  and  the 
wind  fo  weak,  that  the  kite  was  raifed  with 
difficulty,  and  could  hardly  be  kept  up  for  a  few 
minutes  :  afterwards,  when  the  wind  increafed, 
he  obtained  as  ufual  a  ftrong  pofitive  eledtricity. 

If  this  kite  was  raifed  at  a  time  when  there 
was  any  probability  of  danger  from  the  great 
quantity  of  ele&ricity,  Mr.  Cavallo  conne&ed 
one  end  of  a  chain  with  the  ftring,  and  let  the 
other  end  fall  on  the  ground,  and  placed  him- 
felf  alfo  on  an .  infulating  ftool.  Except  the 
kite  is  raifed  in  a  thunder-ftorm,  there  is  no 
great  danger  that  the  operator  will  receive  a 
<hock.  Although  he  raifed  his  kite  hundreds 
•   i  of 
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,t  ef  times  without  any  precaution  whatever  he 
feldom  received  even  a  few  flight  (hocks  in  the 
arms.  But  it  is  not  advifeable  to  raife  it  while 
ftormy  clouds  arc  over-head.  This  is  alfo  lets 
neceflary,  9s  the  eledricity  of  the  atmofphere 
may  then  be  ealiiy  obferved  by  other  means. 

Whpn  the  kite  was  raifed,  he  often  introduced 
the  firing  through  a  window  into  a  room  of  the 
boufe,  and  fattened  it  by  a  ftrong  (ilk  lace  to  a 
heavy  chair  in  the  room*  Fig.  7  8,  A  B  repre- 
fents  part  of  the  firing  of  the  kite  which  comes 
within  the  room,  C  the  (ilk  lace,  D  £  a  fmall 
prime  condudor,  which,  by  means  of  a  fmadl 
wire,  is  connected  with  the  firing  of  the  kite ;  F 
a  quadrant  eledrometer,  fixed  upon  an  infulating 
ftand,  and  placed  near  the  prime  condudor ;  G 
a  glafs  tube  about  1 8  inches  long,  gn  a  ball  and 
wire  of  brafs,  which  are  fixed  to  the  glafs  tube. 
This  fmall  inflrument  is  ufeful  to  determine  the 
quality  of  the  elcdricity,  when  it  is  not  /afe  to 
come  near  the  firing.  This  is  efFeded  by  touch- 
ing the  firing  with  the  wire,  which  takes  a  fuffi- 
cient  quantity  from  it  to  afcertain  thereby  the 
quality  of  the  eledricity,  either  by  the  attradion 
and  repulfion  of  light  balls,  or  the  appearances  of 
the  eiedric  light :  or  it  may  be  afcertained  by  a 
Leyden  phial,  which  will  retain  a  charge  for  a 
ooofiderable  time ;  and  then  the  kite  need  not  be 

kept 
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klpt  up  any  longer  than  is  neceffary  to  charge  tht 
phial,  by  which  the  quality  will  be  (hewn  even 
at  fome  days  diftance. 

If  a  charged  phial  is  carefully  kept  from  any 

of  thofe  means  by  which  it  is  known  to  be  diC 

charged,  it  will  retain  it's  charge  for  a  long  time* 

On  this  principle  the  above-mentioned  phial  is 

conflrucled ;  the  bottle  is  coated  in  the  ufual 

manner  ;  the  uncoated  part  of  the  glafs  is  cover* 

ed  with  wax,  or  elfe  well   varnifhed;  a  glafs 

tube,  which  is  open  at  both  ends,  is  cemented 

into  the  neck  of  this  phial,  having  a  piece  of 

tin-foil  connected  with  it's  loweft  extremity, 

which  touches  the  infifle  non-eledric  coating* 

A  glafs  handle  is  fixed  to  the  ball  on  the  wire 

Which  paffes  into  the  foregoing  glafs  tube ;  the 

wire  is  of  a  proper  length  to  touch  the  tin-foil 

which  is  at  the  bottom  of  the  tube.  Charge  this 

bottle  in  the  ufual  manner,  and  then  take  out  the 

wire  from  the  glafs  tube  by  means  of  the  glafs 

handle.    This  may  be  done  without  di&harging 

,  tfec  phial ;  and,  as  the  fire  cannot  now  efcape 

eafily,  the  charge  of  a  phial  may  be  prefcrved 

for  many  weeks. 

Fig.  80  reprefents  a  very  fimple  inftrument 
(contrived  by  Mr.  Cavallo)  for  making  experi- 
ments on  the  eledricity  of  the  atmofp^ere,  and 
which,  on  feveral  accounts,  appears  to  be  the 

li  beft 
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belt  for  the  purpofe.  A  B  is  a  common  jointed 
filhing  rod,  without  the  laft  or  fmallefl  joint : 
from  the  extremity  of  this  rod  proceeds  a  fmall 
glafs  tube  C,  covered  with  fea ling- wax,  a  cork 
JD  is  fixed  at  the  end  of  it,  from  which  an  elec- 
trometer with  pith  balls  is  fufpended.  H  G  I 
is  a  piece  of  twine  fattened  to  the  other  extre- 
mity of  the  rod,  and  fupported  at  G  by  a  Imali 
firing  F  G.  At  the  end  of  the  twine  T  a  pin  is 
fattened,  which,  when  pufhed  into  the  cork  D, 
renders  the  electrometer  E  uninfulated.  When 
the  electricity  of  the  atmofphere  is  obferved  with 
this  inftrument,  thruft  the  pin  T  into  the  cork 
D,  and  hold  the  rod  by  the  lower  end  A ;  place 
it  out  of  a  window  at  the  upper  part  of  the  hou/e, 
railing  the  end  of  the  rod  with  the  ele&rometer, 
fo  as  to  make  an  angle  of  50  or  60  degrees  with 
the  horizon.  Keep  the  inftrument  in  this  fitua- 
tion  for  a  few  feconds,  then  pull  the  twine  at 
H,  and  the  pin  will  be  difengaged  from  the  cork 
D ;  which  operation  caufes  the  firing  to  drop  in 
the  dotted  fuuation  K  L,  ard  leaves  the  cle&ro- 
meter  infulated,  and  ele&rified  with  an  electricity 
contrary  to  that  of  the  atmofphere.  This  being 
done,  you  may  draw  the  electrometer  into  the 
room,  and  examine  the  quality  of  the  ele&ricity, 
without  obilrucftion  either  from  wind  or  dark- 
nefs. 

Fig. 
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.  Fig.  81  is  an  electrometer  for  rain,  contrived 
by  Mr.  Cavallo.  A  B  C  T  is  a  ftrong  glafs  tube* 
about  two  Feet  and  a  half  long,  having  a  tin  fun- 
nel D  E  cemented  to  it's  extremity,  which  funnel 
defends  part  of  the  tube  from  the  rain.    The 
outfide  furface  of  the  tube  from  A  to  B  is  covered 
with  fealing-wax,   and  fo  is  the  part  of  it  which 
is  covered  by  the  funnel.    F  D  is  a  piece  of  cane 
round  which  brafs  wires  are  twifted  in  different 
directions,  fo  as  to  catch  the  rain  eafily,  and  at 
the  fame  time  to  make  no  refiftance  to  the  wind. 
This  piece  of  cane  is  fixed  into  the  tube,  and  a 
fmali  wire  proceeding  from  it  goes  through  the 
tube,  and  communicates  with  the  ftrong  wire  A 
G,  which  isthruft  into  a  piece  of  cork,  fattened 
to  the  end  A  'of  the  tube.     The  end  G  of  the 
wire  A  G  is  formed  into  a  ring,  from  which  a 
fenfible  pith  ball  electrometer  is  to  be  fufpended. 
This  inftrument  is  fattened  to  the  fide  of  2  window 
frame,  where  it  is  fupportcd  by  ftrdbg  brafi 
hooks  at  C  B ;  which  part  of  the  tube  is  covered 
with  a  fiik  lace,  in  order  to  adapt  it  better  to  the 
hooks.     The  part  F  L  is  out  of  the  window,  with 
the  end  F  elevated  a  little  above  the  horizon. 
The  remaining  part  of  the  inftrument  comes 
through  a  hole  in  one  of  the  lights  in  the  fafh, 
within  the  room,  and  no  more  of  it  touches  the 
fide  of  the  window  than  the  part  C  B.    When  it 

I  i*  rains, 
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rains,  efpecially  in  paflSng  fhowers,  this  inftnw 
jnent  U  frequently  electrified  ;  and  by  the  diver* 
gencc  of  the  ele&rometer,  the  quantity  am) 
quality  of  the  rain  may  be  observed  without  any 
danger  of  a  miftake.  With  rhis  inftrument,  in 
rainy  weather,  Mr.  Cavallo  has  been  able  to 
charge  a  fmall  coated  phial  at  the  wire  A  G.  If 
(hould  be  fixed  in  fuch  a  manner,  that  it  may  be 
et fijy  taken  off  from  the  window,  and  replaced 
again,  as  occaOon  requires  ;  as  it  will  be  necef- 
fary  to  clean  it  often,  particularly  w^en  a  (bower 
of  rain  is  approaching. 


PeSCRIFTION    OF   A    SfcAL*,    PQRTAl^I     ATMO~ 

spherical    Electrometer,    invented    by 
Mr.  Cavallo. 

The  principal  part  of  this  inftrument  is  a  glafi 
tube  CDMN.  cemented  at  the  bottom  into 
the  brafs  piece  A  B?  by  yrhich  part  the  inftru- 
ment is  to  be  held  when  ufed  for  the  atmofphere  $ 
and  it  alfo  ferves  to  fcrew  the  inftrument  into  it's 
brafs  cafe  ABO,  fig.  76.  The  upper  part  of  the 
tube  CDMN  is  ihaped  tapering  to  a  fmall 
extremity,  which  is  intirely  covered  with  fealing- 
wax ;  into  this  tapering  part  a  fmall  tube  is 
cemented ;  the  lower  extremity,  being  alfo  covered 
4  i  with 
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with  feiling-wax,  projeds  a  fmall  way  within  the 
% ube  CDMN ;  into  thi$  fmaller  tube  wire  is  cc* 
ynented,  which,  with  it's  under  extremity,  touches 
the  flat  piece  of  ivpiy  H,  fattened  to  the  tube  by 
means  of  a  cork ;  the  upper  extremity  of  the  wire 
projedts  about  a  quarter  of  an  inch  above  the  tube, 
and  fcrews  into  the  brafs  cap  £  F,  which  cap  it 
Open  at  the  bottom,  and  ferves  to  defend  the 
waxed  part  of  the  inftrument  from  the  rain, 
ice. 

I  M  and  K  N  are  two  narrow  flips  of  tin-foil, 
(truck  to  the  inflde  of  the  gfofs  CDMN,  and 
communicating  with  the  brafs  bottom  A  B. 
They  ferve  to  convey  that  ele&ricity,  which, 
when  the  balls  touch  the  glafs,  is  communicated 
to  it,  and,  being  accumulated,  might  difturb  the 
free  motion  of  the  balls. 

To  itfe  this  inftrument  for  artificial  ele&ricity, 
electrify  the  brafs  cap  by  an  cledrified  fubflance, 
and  the  divergence  or  convergence  of  the  balls 
pf  the  cleft rometer,  at  the  approach  of  an  excited 
eleftric,  will  (hew  the  quality  of  the  ele&ricity. 
The  bed  manner  to  ele&rify  this  inftrument  is, 
to  bring  excited  wax  fi>  near  the  cap  that  one  or 
both  of  the  corks  may  touch  the  fide  of  the  bottle 
CDMN,  after  which  they  will  foon  collapfe  and 
gppear  unele&rified.    If  now  the  wax  is  removed, 
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they  will  again  diverge,   and  remain  ek&rificd 

pofitiveiy. 

When  this  electrometer  is  to  be  ufed  to  try 

the  electricity  of  the  fogs,  air,  clouds,  &c.  the 
observer  is  to  do  nothing  more  than  to  unferew 
it  from  it's  cafe,  and  hold  it  by  the  bottom  A  B 
to  prefent  it  to  the  air  a  little  above  his  head, 
lb  that  he  may  conveniently  fee  the  balls  P,  which 
vill  immediately  diverge  if  there  is  any  elaflri- 
city ;  i.  e.  whether  pofitive  or  negative  may  be 
afcertained,  by  bringing  an  excited  piece  of 
fcaling-wax  or  other  ele&ric  towards  the  bnfs 
cap  E  F. 

General  Laws  deduced   from  the  Experi- 
ments    PERFORMED    WITH    THE   ELECTRICAL 

Kites. 

i.  The  air  appears  to  be  eleftrified  at  all 
time*.  It's  elc&ricity  is  conftantly  pofitive,  and 
much  ftrongcr  in  frofty  than  in  warm  weather ; 
but  it  is  by  no  means  lefs  in  the  night  than  in 
the  day  time. 

2.  The  prefence  of  the  clouds  generally  leflens 
the  electricity  of  the  kite :  fometimes  it  has  no 
effea  upon  it,  and  it  very  feldom  increafes  it. 

3.  When  it  rains,  the  elearicity  of  the  kite  is 
generally  negative,  and  feldom  pofitive. 

4.  The 
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4.  The  Aurora  Borealis  feems  not  to  affeCk 
the  eleCtricity  of  the  kite. 

5.  The  electrical  fpark  taken  from  the  firing 
of  the  kite,  or  from  any  infulated  conductor 
connected  with  it,  efpecially  when  it  does  not 

k  rain,  is  feldom  longer  than  a  quarter  of  an  inch, 
"  but  it  is  exceedingly  pungent.  When  the  index 
of  the  electrometer  is  not  higher  than  20°,  the 
perfon  who  takes  the  fpark  will  feel  the  effeCis  of 
it  in  his  legs  ;  it  appears  more  like  the  difcharge 
of  an  ele&ric  jar,  than  the  fpark  taken  from  the 
prime  conductor  of  an  eleftrical  machine. 

6.  The  eledtricity  of  the  kite  is  in  general 
ftronger  or  weaker,  according  as  the  firing  is 
longer  or  fhorter ,•  but  it  does  not  keep  any  exad 
proportion  to  it.  For  inftance ;  the  eleftricity 
brought  down  by  a  firing  of  an  hundred  yards 
may  raife  the  index  of  the  electrometer  to  20% 
when  with  double  that  length  of  ftring  the  index 
of  the  electrometer  will  not  go  higher  than  25°. 

7.  When  the  weather  is  damp,  and  the  elec- 
tricity is  pretty  ftrong,  the  index  of  the  electro- 
meter, after  taking  a  fpark  from  the  ftring,  or 
prefenting  the  knob  of  a  coated  phial  to  it,  rifes 
furprifmgly  quick  to  it's  ufual  place,  but  in,  dry 
or  warm  weather  it  rifes  exceedingly  flow. 

It  appears,  from  the  obfervations  which  have 
been  made  on  the  electricity  of  the  atmofphere, 

that 
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that  nature  makes  great  ufe  of  this  fluid  in  pftu 
moting  vegetation. 

i.  In  the  fpring,  when  plants  begin  to  grow, 
then  temporary  elcQrical  clouds  begin  to  appear, 
and  pour  forth  electric  rain.  The  etcdrkity  of 
die  clouds  and  of  the  rain  continues  to  incretfi; 
till  that  part  of  the  autumn  in  which  the  laft  fruio 
are  gathered. 

2.  It  is  this  fluid  which  fupplies  common 
fire  with  that  moifture,  by  the  help  of  which  it 
actuates  and  animates  vegetation :  it  is  die  agent 
that  colle&s  the  vapours,  forms  the  clouds,  and 
is  then  employed  to  diforder  and  fl'fly»ff  than 
in  rain* 

3.  From  the  fame  principle  nm  be cxpkincd 
the  proverb,  that  No  watering  givti  the  country  Jo 

fmiling  a  look  as  rain.  The  clouds  of  rain,  by 
extending  their  eledric  atmofphere  to  the  plants, 
difpofe  the  pores  of  the  latter  to  receive  with 
greater  facility  the  water  which  is  impregnated 
with  this  penetrating  and  dilating  fluid.  Befides, 
it  is  natural  to  fuppofe,  that  the  pofitivt  electri- 
city, which  continually  prevails  in  ferene  weather, 
will  contribute  to  promote  vegetation,  fince  this 
has  been  found  to  be  the  sffeft  of  even  artificial 
electricity. 


O* 
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OF     THE     Iu?ERF£cflO!t9     0F     METEOROLOGY, 

Mb  Lcmo  as  Barometrical,  ThermoMe- 
tRicAt,    And    Hygrometrical   ObservA^ 

'      tlONS     ARfc    NdT    ACCOMPANIED    tVItH     THE 

regular  Observation  op  the  Electri- 
city of  the  Atmosphere,  bt  the  Electri- 
city of  Rain,  Snow,  Mists,  and  aqueous 
Meteors  in  general.  Bt  Mr.  Ac  hard. 

As  it  is  hotv  clearly  afcertainecl,  that  ele&ri- 
tity  is  a  caufe  of  various  meteorological  phaeno- 
hicna,  it  is  rather  furprifing  that  philofophers 
have  not  perceived  the  abfolyte  neceflity  of 
joining  [an  mflrument,  by  which  obfervations 
may  be  made  on  the  eledlricity  of  the  atmofphere, 
to  thofe  which  indicate  it's  weight,  heat,  and 
huniidity. 

Without  confidering  in  this  place  the  different 
proofs  of  the  influence  of  electricity  on  meteors, 
it  will  be  fufficient  to  remark,  that  wc  cannot 
attain  to  ah  adequate  knowledge  of  any  pheno- 
mena, occafioned  by  the  concurrence  of  various 
caufcs,  without  being  acquainted  with  them 
all ;  for  if  any  one  is  negledted,  it  will  be  abfo- 
lutely  impoffible  thoroughly  to  explain  the 
phenomena.   If  cleftricity  is  not  the  fole  caufe 

Kk  of 
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of  feveral  meteorological  appearances,  it  ii 
undoubtedly  concerned  more  or  lefs  in  rbcii 
formation ;  fo  that  by  negk<5ling  to  obfarc  it 
as  well  as  the  barometer,  &c.  we  lofe  the  feuitt 
of  other,  even  very  exaft,  meteorological  ob- 
fer  vat  ions. 

The  influence  of  cle&ricity  on  vegetation  is 
proved  by  a  fet  of  obfervations  made  by  different 
philofophers ;  but  it  evidently  appears,  that  the 
botanical  meteorological  obfervations  alone  will 
never  be  fo  ufeful  as  might  be  expe&ed,  till  we 
unite  thofe  made  by  an  inflrumcnt  which  will 
indicate  the  elc&ric  (late  of  the  atmofphere,  to 
thofe  made  with  other  inftruments.  Ir  is  oWiag 
to  this  caufe,  perhaps,  that  it  it  fapofliblc  to 
draw  any  conclufion  from  the  botanical  meteoro- 
logical observations  of  Meffrs.  Gautier  and 
Duhamcl,  which  were  continued  from  175 1  to 
1769. 

Mr.  Achard  has  had  an  opportunity  of  making 
a  few  obfervations,  but  they  were  fufficient  to 
convince  him  of  the  intimate  connexion  that 
fubfifts  between  the  formation  of  the  moft  part  of 
meteors,  and  atmofpherical  electricity. 

To  difcover  if  the  atmofphere  was  elearical, 
he  made  ufe  of  a  pair  of  light  pith  balls  which 
were  attached  to  a  refmous  rod.  This  electro- 
meter, from  it's  fimplicity,  is  almoft  prefeiable 

to 
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to  any  other  for  merely  difcovering  that  eledtri- 
city  exiils  in  the  atmofphere. 

During  the  month  of  July,  1778,  Mr.  Achard 
bbferved  daily  the  ele&ricky  of  the  atmofphere 
in  the  morning,  at  noon,  and  in  the  evening, 
with  a  pair  of  fmaU  pith  balls,  which  were  placed 
above  the  roof  of  the  houfe,  above  40  feet  high, 
and  fufficiently  diftant  from  buildings,  trees, 
&c.  During  the  whole  time  there  were  only  10 
days  which  gave  no  figns  of  eledtricity ;  1 7  days, 
including  the  foregoing  io,  in  which  he  could 
obferve  no  ejeftricity  in  the  morning,  though  it 
became  very  fenfible  at  noon,  and  was  very 
much  increafed  towards  the  letting  of  the  fun* 
JSvery  othfrifey  he  found  the  air  eledtrical  during 
the  whole  day,  but  always  ftrongeft  a  little  be- 
fore fun-fet,  a  fcort  time  after  which  it  began 
again  to  diminifh. 

If  in  ferene  weather  the  Iky  became  fuddenly 
cloudy,  the  electrometer  indicated  continual 
changes  in  the  ele&ricity  of  the  atmofphere; 
fpmetimes  increafing,  then  difappearing,  then 
re-appearing ;  in  which  cafe  it  had  generally 
changed  from  pofitive  to  negative,  or  vice  verfa. 
In  windy  weather  he  found  ir  difficult  to  obferve 
with  the  ele&rometer,  on  account  of  the  con- 
tinual motion  of  the  balls.  It  fcemed  to  vary 
{jonfiderabJy  when  the  air  was  heavy,  but  not 

K  k  2  windy. 
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windy.  When  the  weathtr  was  very  cthri,  mi 
the  Iky  without  clouds,  the  ele&tometcr  did  not 
alter  in  the  Ieaft,  except  towards  fun-fct,  srhen 
it  increafed  in  a  fmall  degree. 

It  is  remarkable,  that  in  thofe  days  in  which 
he  obferved  no  dedtricity  in  the  air,  there  mi 
no  dew  at  night ;  while  on  the  other  nights,  k 
fell  in  greater  or  left  quantities.  He  does  not 
think  thofe  obfervations  are  fufficient  to  daah 
mine,  that  the  dew  is  occasioned  by  deflrieily, 
but  it  may,  he  thinks,  be  Surly  inferred,  that 
the  elevation  and  fall  of  die  dew  b  dbftroAed  or 
promoted  by  the  cle&ricity  of  die  tin  It  is 
eafy  to  point  opt  in  what  mini  in  itjliii  \\)  nuty 
produce  the  effedt  Let  us  fup^iftjj^e  air  to 
be  either  ppfitivdy  or  negatively  dWMfied,  but 
the  furface  of  the  globe  where  We' are  not  to  be 
(q  ;  the  aqueous  and  volatile  parts  of  die  Vegeta- 
bles  exhaled  by  the  rays  of  the  fiin,  and  fufpended 
in  the  air,  will  become  electric  by  communica- 
tion. The  air  cooling  by  the  abfence  of  the 
folar  heat,  will  not,  after  the  fetting  of  the  fun, 
retain  the  aqueous  particles  with  the  fame  force ; 
and  thefe  being  attracted  by  the  non-electric 
bodies  which  are  on  the  furface  of  the  earth, 
their  fuperficics  will  be  covered  with  dew.  Again, 
let  us  fuppofc  that  the  furface  of  the  earth  is 
electrical,  but  that  the  air  is  not  electrical,  and 

the 
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the  effc&  will  be  fimiiar  to  the  preceding  cafe, , 
If  the  air  and  the  earth  are  both  electrified,  buff 
with  contrary  powers,  the  attraction  will  be 
ftronger  and  the  dew  more  abundant ;  but  no  dew 
will  fall  if  they  are  both  pofleffed  of  the  lame 
power,  and  in  the  fame  degree.  It  is  known, 
that  the  dew  does  not  fall  with  the  fame  facility 
upon  all  bodies,  and  that  ele&ric  bodies  ar$ 
thofe  on  which  it  falls  with  the  grcateft  abun- 
dance. This  fadt  admits  of  an  eafy  explanation, 
if  we  fuppofe  cle&ricity  to  be  the  caufc  of  the 
dew ;  for  the  eledric  bodies  do  not  readily  re- 
ceive eletfricity  from  the  medium  which  fur* 
rounds  them;  there  is,  therefore,  always  a 
greater  difference  between  the  ele&ricity  of  the 
air  and  that  of  the  eledtrics  which  are  placed  in 
it,  than  between  the  ele&ricity  of  the  air  and 
the  conducing  bodies  which  it  envelopes.  Now 
it  is  in  the  ratio  of  this  difference  that  the 
power  of  eleftric  attra&ion  afts,  and  confe- 
quently  thefe  bodies  ought  to  be  covered  more 
abundantly  with  dew. 

As  ele&ricity  is  often,  if  not  always,  the  caufe 
of  dew,  no  one  will  doubt  the  neceflity  of  attend- 
ing to  it  in  the  botanical  meteorology,  as  every 
one  is  acquainted  with  the  influence  of  dew  cm 
£he  growth  of  vegetables. 

In 
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In  the  Phil  Tranf.  for  1773,  «*  obferva- 
tiotts  on  the  de&ricity  of  fogs,  which  prove  thai 
they  arc  generally  ele&jical.  Mr.  Achard  has 
made  feyeral  obfervations,  the  refults  of  which 
correfpond  entirely  with  fhofe,  for  he  conftantly 
found  that  the  air  was  more  pr  lefs  electrified 
by  a  fog.  Twice  he  obferyed,  that  in  the  /pace 
of  a  few  minutes  the  fog  cetfpd  altogether,  and 
fell  in  form  of  a  fine  rain ;  and  though  it  was 
very  thick,  disappeared  in  tfxxu  feven  minutes. 
It  is  alfo  stxy  probable  that  rain  is  occasioned 
by  cledricity ;  and  of  thi$  we  (hall  be  convinced, 
if  we  ponfidcr  the  attractions  and  repulfioos  that 
the  terreftrial  or  atmofphcric  elc&ricjty  qmft 
occafion,  as  well  between  the  furface  of  the  globe 
^nd  the  vapours  contained  in  the  air,  as  between 
the  particles  of  vapour  which  always  neceflarily 
tend  to  difperfe  or  unite  the  aqueous  particles 
which  fwim  in  the  atmofphere,  and  to  bring 
them  nearer,  or  carry  them  farther  from  the 
earth. 

Having  proved  the  neceffity  of  combining 
obfervations  on  the  electricity  of  the  atmofphere 
with  other  meteorological  obfervations,  Mr. 
Achard  proceeds  to  defcribe  the  properties  re- 
quifite  in  a  good  atmofpherical  ele&rometer,  the 
want  of  which  accounts  for  the  negled  and 
fupincnefs  of  philofophers  on  this  fubjedh 

Necessary 
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Electrometer. 

1.  It  fliould  be  eafy  in  it's  ufc. 

2.  It  fhoold  not  only  indicate  that  the  air  is 
defirical,  but  in  what  degree. 

3.'  It  is  neceffary  that  we  may  learn  whethet 
it  is  pofltive  or  negative. 

4.  That  the  obferver  fhould  be  in  no  danget 
in  ftormy  weather. 

5.  That  it  be  portable* 

The  number  of  difficulties  which  oppofe  tte 

conftrudion  of  an  iflftftimem  which  will  unite 

all  thefe  advantages,  is  very  cdiifideiiMe.    Tbfe 

gttateft  is  to  ihfulate  the  metal  which  receive* 

the  electricity  from  the  air,  fo  that  rain  mkf 

not  eftablifli  a  communication  between  it  arid 

the  earth,  and  that  the  infulation  is  fufficicrttljr 

perfed  to  prtvetit  tod  quick  a  diflipation  of  the 

eledtricity  received  by  the  metal.     Mr.  Achajtl 

does  not  pretend  that  he  has  furmounted  all 

thefe  difficulties,  but  after  feveral  trials  bt  his 

contrived  an   instrument  fufficiently  portable 

eafy  to  obfervp  with,  and  that  without  danger* 
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On  the  truncated  part  of  the  cone  Mr.  Achard 
fattens  a  fquare  iron  branch,  on  which  he  places 
a  thermometer  and  two  ekxflrometers ;  the  one 
very  light,  and  thus  capable  of  being  fet  in  mo- 
tion by  fmall  degrees  of  electricity ;   the  other 
heavier,  and  which,    confequently,    only    rifes 
when  the  eledtricity  becomes  too  ftrong  to  bp 
rneafured    by  the  light  electrometer.     Befides 
thefe  two  electrometers,  Mr.  Achard  tied  to  the 
iron  bar  a  thread,  which  indicates,  by  it's  rifing, 
the  fmalleft  degrees  of  electricity :  the  whole  is 
inclofed  in  a  receiver  of  glafs,  open  above  and 
below;  thebafe  of  this  receiver  is  alfo  infulated 
with  rofin,  that  it  may  not  derive  any  electricity 
from  the  tin  cone;  the  remaining  fpace  of  the 
upper  part  of  the  receiver,  between  the  bar  of 
metal,  which  pafTes  through  it,  and  the  glafs, 
is  likewife  filled  with  rofin,  to  prevent  the  com- 
munication of  electricity  to  the  receiver ;  to  pre- 
ferve  this  rofin  from  rain,  which,  by  moiftening 
it,  would  form  a  communication  between  the 
receiver  and  the  bar,  it  is  covered  over  with  a 
glafs  funnel,  through  which  the  bar  pafles,  and 
which  hinders  the  rain  from  falling  on  the  rofin. 
This  receiver  is  alfo  indifpenfably  ncceflary  to 
prevent  the  action  of  the  wind  upon  the  elec- 
trometers,   which  would    render  the  accurate 
©bfcrvation  of  them  impofiible.     At  the  end  of 

LI  the 


274  An   Essay    on 

the  metal  bar,  which  paffes  through  the  receiver, 
hollow  tin  pipes  may  be  placed,  of  a  fmall  dia- 
meter, to  render  them  as  light  as  poffible,  and 
they  may  be  raifed  to  the  height  of  10,  ao, 
or  30  feet.  The  upper  end  of  the  pipe  terminates 
in  an  iron  point,  extremely  (harp  and  well  gilt  ; 
the  gilding  is  neceffary  to  hinder  the  point, 
which  mud  be  always  even  and  fmooth,  from 
contraQing  ruft.  With  refped  to  the  elevation 
that  it  may  be  proper  to  give  to  the  tin-pipe, 
this  mud  vary  with  the  height  of  the  buildings 
or  trees  in  the  different  places  where  obfervations 
are  made;  for  the  height  of  the  pipe  mud  al- 
ways exceed,  at  lead  by  fix  feet,  the  elevation 
of  all  the  bodies  that  are  near  it.  Mr.  Achard 
joins  a  thermometer  to  this  machine,  which  may 
be  obferved  at  the  fame  time,  and  be  the  means, 
perhaps,  of  difcovering  the  relations,  if  any  there 
be,  between  electricity  and  the  temperature  of 
the  air.  A  barometer  and  hygrometer  may, 
with  facility,  be  added  to  this  inftrument  for  the 
fame  purpofe. 

In  order  to  know  whether  the  ele&ricity  of 
the  air  be  pofitive  or  negative,  Mr.  Achard 
fufpends  a  ball  of  cork,  by  a  linen  thread,  on 
the  wire  which  communicates  with  the  iron  bar, 
and  which  paffes  through  the  roGn,  with  which 
the  bafe  of  the  truncated  cone  is  covered.  The 
S  wire 
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wire  mud  be  of  fuch  a  length,  that  bodies 
positively  or  negatively  ele&rified  may  be  com* 
modioufly  brought  pear  the  cork-ball,  which 
is  fufpended  on  it ;  and  it  is  according  as  thefq 
bodies  attradt  or  repel  the  ball,  that  the  obfer- 
ver  learns  whether  the  ele<ftricity,  which  the  in- 
ftrument has  received  from  the  air,  be  pofitive 
or  negative. 

That  the  obfervcr  may  be  in  no  danger  from 
fudden  accumulations  of  ele&ricity,  which  fome- 
times  happen,  Mr.  Achard  fallens  to  the  bafc 
of  the  pedeftal  an  iron  bar,  which  not  only 
communicates  with,  but  even  enters  into,  the 
ground,  feveral  feet  deep.  This  bar,  whofe 
upper  part  terminates  in  a  round  knob  or  ball, 
muft  be  only  at  the  diftance  of  an  inch  from  the 
cone.  When  the  eledtrical  fluid  is  fo  accumu- 
lated that  the  inftrument  can  no  longer  contain 
it,  it  will  difcharge  itfelfagainft  this  metal  bar, 
which  will  condudl  it  under  ground.  The  fame  % 
thing  would  happen,  if  the  lightning  fell  upon 
the  inftrument,  and  the  obferver  would  be  in  no 
fort  of  danger,  even  at  the  diftance  of,a  few  feet. 
When  the  inftrument  is  placed  in  a*  garden,  this 
method  of  forming  a  communication  with  the 
ground  is  fubjed  to  no  inconveniency ;  but  if  it 
fhould  be  judged  proper  to  employ  the  inftru- 
ment in  a  houfe,  (which  may  be  done  by  making 

LI  a  the 
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the  tin  pipe  pafs  through  a  hole  in  the  rodf,  and 
placing  the  inftrument  ia  a  garret)  the  mtnner 
above-mentioned  of  fonnM%  4t*#  communicatiot 
With  die  earth  would  hot  be  fo  eafily  executed: 
in  this  cafe,  the  communication  mult  be  effeflai 
by  mew  of  a  bar  of  metal  defcending  from  tte 
garret  to  a  depth  of  fome  feet  under  grounds 
and  for  greater  fecurity  againft   the  too  giat 
proximity  of  a  thundcr-ftorm,  it  would  be  pro- 
per to  place  the  metallic  bar  in  contad  witfc  the 
cone  of  tin :  thus  the  inftrttmeat  would  become 
a  real  condu&or,   which,  inftead   of  expofing 
the  houfe  to  danger,  would,  on  the  contrary! 
prefervc  it  from  all  the  accidents  that  are  deca* 
fioned  by  lightning.  *  ,  ■  ■<  v  . 

When  the  inftrument  is  placed  hi  a  girrat, 
or  on  the  platform  of  a  houfe,  no  inconvenience 
is  to  be  apprehended  from  afcending  dews ;  but 
when  it  is  placed  in  a  garden,  the  dew  adheres 
to  the  rofin  which  covers  the  truncated  ba(e  of 
the  cone,  and  forming  thus  a  communication 
between  the  cone  and  the  earth,  makes  the  in- 
ftrument lofe  the  eleitricity  with  which  it  may 
have  been  charged.     To  prevent  this  accident, 
it  is  ncceflary  to  pave  the  ground  on  which  the 
inftrumcnt  is  placed,  and  that  in  fuch  a  man- 
ner, that  the  pavement  may  extend  itfelf  on  all 
iides,  at  lead  two  or  three  feet  beyond  the  cir- 
cumference 
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cumference  of  the  lower  bafe  of  the  cone :  the 
riling  of  the  dew,  which  by  adhering  to  the  rofin 
might  damage  the  inftrument,  will  be  thus 
effectually  prevented. 

When  the  air  is  elc&rical,  it  muft  neceflarily 
communicate  it's  elcdlricity  to  the  vapours  which 
it  contains.     This  is  evident  from  the  formation 
of  lightning,  which  is  not  produced  by  the  dis- 
charge of  the  elecftrical  matter  of  the  air,  but  by 
that  of  the  vapours  which    float  in  the   atmo~ 
fphere.     Hence  it  follows,  that  rain,  fnow,  hail, 
mift,  and  dew,  muft  be  very  often  eleftric.     As 
it  appears  to  Mr.  Achard  a  matter  of  great  con* 
fequence  to  know  and  obferve  exadtly  the  elec- 
tricity of  thofe  meteors,  he  has  conftru&ed  a 
machine  that  is  adapted  to  difcover  both  it's  na- 
ture and  degree.     This  machine  is  compofed  of 
a  truncated  tin  cone,  clofed  at  the  top,  open  at 
bottom,  and  infulated  upon  a  pcdeftal,  like  that 
of  the  machine  employed  to  meafure  the  elec-x 
tricky  of  the  air.     In  the  center  of  the  upper 
truncated  part  of  the  cone,  Mr.  Achard  fixes 
an  iron  bar  terminated  by  a  ball ;  he  covers  the 
whole  with   an   infulated    glafs  receiver,    high 
enough  to  have  it's  fummit  at  the  diftance  of 
three  inches  from  the  ball  which  terminates  the 
iron  bar,  to  which  he  fattens  a  very  sensible 
electrometer,  and  alfo  a  linen  thread  to  difcover 
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the  fmallcft  degrees  of  electricity .  As  this  in. 
flrumcnt  is  but  hale  elevated,  and  has  no  pointed 
extremity,  it  is  not  eailly  charged  with  the  ek- 
rricicy  of  the  air,  which  at  fuch  a  degwe  of 
proximity  to  the  earth  is  always  imperceptible; 
but  rain,  fnow,  hail,  mift,  and  dew,  if  they  are 
electrical,  will  render  it  alfo  electrical  by  falling 
upon  the  cone ;  the  degree  of  electricity  is  ascer- 
tained by  the  electrometer,  which  is  under  the 
receiver;  and  in  order  to  know  whether  it  be  yo- 
iitive  or  negative,  the  obferyer  has  pnly  to  employ 
*he  method  indicated  above,  in  our  account  of 
the  inftrument  ufed  to  meafure  the  ele&ricityof 
the  air.  Befides  the  ufe  of  this  inftrument  in 
difcovering  the  electricity  of  aqueous  meteors, 
it  may  ftill  ferve  farther  purpofes;  it  may  be 
highly  ufeful  to  compare  it  with  the  atmofphe- 
rical  electrometer,  in  order  to  difcern  the  true 
principle  of  the  electricity  with  which  it  is 
charged,  and  to  fee  whether  it  proceeds  imme- 
diately from  the  air,  or  from  the  heterogeneous 
bodies  that  arc  fufpenJed  in  the  atmolpherc; 
for  the  atmofphcrical  electrometer  may  alfo  be- 
come cle;irical  by  rain,  fnow,  hail,  of  mift; 
and  the  comparing  thefe  two  inflruments  is  the 
oidy  method  that  occurs  to  Mr.  Achard  by 
which  we  can  know,  whether  it  receives  it's  elec- 
tricity directly  from  the  air,  or  by  the  interven- 
tion 
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tion  of  bodies  (indued  with  a  conducting  pow- 
er) which  are  diffufed  in  it.  If,  during  rain, 
hail,  fnow,  or  mid,  the  atmofpherical  electro- 
meter is  electrical,  while  that  which  indi- 
cates the  eledtricity  of  aqueous  meteors  is  not 
so,  we  may  conclude,  with  certainty,  that  the 
eleQricity  of  the  former  proceeds  only  from  the  .  <i; 
air ;  if,  on  the  contrary,  they  are  both  eleftri* 
cal,  it^nuft  then  be  inquired,  whether  they  be 
lb  in  the  fame  degree ;  if  this  be  the  cafe,  it 
is  only  to  the  rain  or  fnow,  &c.  that  the  elec- 
tricity muft  be  attributed.  I  need  not  obferve, 
(concludes  Mr.  Achard)  that  when  there  is 
neither  rain,  fnow,  hail,  or  mift,  the  atmo- 
fpherical ele&rometer  will  always  indicate  the 
ele&ricity  of  the  air. 


CHAR 
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C    H  .A    P.     XHI. 

On    the   Diffusion   and  Subdivision  or 
Fluids  by  Electricity. 

WE  arc  chiefly  indebted  to  the  Abbe  NoU 
let  for  what  is  known  on  the  fubjeft 
of  this  chapter,  which  .was  inveftigated  bjr  him 
with  incredible  induftry  and  patieocc.  I  have 
only  fubjoined  the  principal  refult  of  his  experi- 
ments, and  muft  refer  the  reader,  for  a  more 
ample  account,  to  the  Abbe's  own  writings, 
or  Dr.  Pricftlcy  "s  Hiftory  of  EleQricity. 

Eledricity  augments  the  natural  evaporation 
of  fluids  ;  fince,  excepting  mercury  and  oil,  all 
the  others  which  were  tried  fuflfcred  a  diminution 
that  could  not  be  afcribed  to  any  other  caufe 
than  ele&ricity. 

It  increafes  the  evaporation  of  tho/e  fluids 
mod,  which  naturally  tend  to  evaporate  readily. 
Volatile  fpirits  of  fal-ammoniac  loft  more 
than  fpirits  of  wine,  this  more  than  water,  &c. 

Electricity  a&s  ftrongeft  upon  the  fluids,  when 
the  veffels  which  contain  them  are  non-ele&rics. 
The  evaporation  was  greateft  in  the  mod  open 
veffels,  but  did  not  increafe  in  proportion   to 

their 
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their  apertures.  It  does  not  make  any  liquor 
evaporate  through  the  pores  either  of  metal  or 
glafs. 

To  extend  thefe  principles  further,  the  Abb6 
made  a  great  variety  of  experiments  on  elec- 
trified capillary  tubes,  and  found,  that  the  dream 
would  be  fub-divided,  but  it  is  not  fenfibly  4^ 
accelerated,  if  the  tube  is  not  lefs  then  one  tenth 
of  an  inch  diameter  in  the  infide. 

Under  this  diameter,  if  the  tube  is  wide 
enough  to  let  the  fluid  run  in  a  ftream,  ele&ricity 
will  accelerate  it's  motion  in  a  fmall  degree. 

If  the  tube  is  fo  far  capillary  that  the  water 
only  iflues  from  it  in  drops,  the  electrified  jet 
becomes  a  continued  ftream ;  it  will  even  be 
divided  into  feveral  fmaller  ones,  and  it's  motion 
is  confiderably  accelerated;  the  fmaller  the 
diameter  of  the  tube,  the  greater  is  the  accele- 
ration. When  the  furface  is  wider  than  one 
tenth  of  an  inch,  cle<5tricity  feems  rather  to 
retard  the  motion  of  the  fluid. 

From  fome  very  accurate  experiments  made 
by  Mr.  de  Sauffure  with  his  new  hygrometer, 
it  appears,  that  the  foregoing  theory,  which 
aflerts  that  eledtricity  always  promotes  evapora- 
tion, is  only  true  under  certain  reftridions.  It 
increafes  the  evaporation  from  thofe  bodies 
which  are  fuperfaturated,   but  does  not  occalion 

M  rti  any 


282  An    Essay    on 

any  evaporation  in  thofc  which  do  not  contain 
a  fuperabounding  quantity  of  water. 

Experiment  clxxxviii. — Fig.  77  reprcfents 
a  metal  phial,  to  which  a  capillary  tube  is  adapt- 
ed, which  will  only  permit  water  to  pafs  through 
■♦  it  ki  interrupted  drops.  Fill  the  pail  with  water, 
and  fufpend  it  from  the  prime  conductor,  then 
turn  the  cylinder,  and  the  water  will  pafs  through 
the  tube  in  a  continued  ftream ;  this  will  feparate 
into  other  dreams,  that  will  appear  luminous 
in  the  dark. 

Experiment  clxxxix. — Sufpend  one  pail  from 
a  pofitive  conductor,  and  another  from  a  negative 
one,  fo  that  the  end  of  the  tubes  may  be  about 
three  or  four  inches  from  each  other,  and  the 
ftream  proceeding  from  one  will  be  attracted  by 
that  which  iffues  from  the  other,  and  form  one 
ftream,  which  will  be  luminous  in  the  dark. 

If  the  pails  are  fufpended  on  two  pofitive,  or 
two  negative  conductors,  the  ftreams  will  recede 
from  each  other. 

Experiment  cxc. — Place  a  metal  bafon  on 

an  infulating  ftand,  and  connect  it  with  the  prime 

conductor  ;  then  pour  a  fmall  ftream  of  water 

into  the  bafon,  which  in  the  dark  will  have  a 

5  beautiful 


Electricity.  283 

6eautiful  appearance,    as  the    dream   will  be 
divided  into  a  great  number  of  lucid  drops. 

Experiment  cxci. — Dip  a'fpongc  in  water, 
end  then  fufpend  it  from  the  conductor :  the 
water,  which  before  only  dropped  from  it,  will 
now  fall  fail,  and  appear  in  the  dark  like  fiery 
rain. 

Experiment  cxcii. — Hold  a  pail,  which  is 
furniihed  with  feveral  capillary  tubes  placed 
in  various  directions,  near  an  eledtrified  conduc- 
tor, and  the  water  will  ft  ream  out  of  thofe  jets 
near  the  conductor,  while  it  will  only  drop  at 
intervals  from  thofe  which  are  oppofite  to  it. 

Experiment  cxciii. — The  knob  of  a  charged 
jar  will  attract  a  drop  of  water  from  a  faucer,  &c. 
This  drop,  the  moment  the  bottle  is  removed 
from  the  faucer,  aflumes  a  conical  fhape,  and  if 
it-ia-brought  near  any  conducing  fubftance,  it  is 
driven  forcibly  awajrinfmail  flreams,  which  are 
luminous  in  the  dark. 

It  appears  by  this  experiment,  that  the  elec- 
tric fire  not  only  tends  to  feparate  the  particles 
of  water,  and  to  diffipate  them  into  vapour  as 
pommon  fire,  but  that  it  effedts  this  with  uncom- 
mon rapidity. 

Mnf2  Experiment 
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Experiment  cxciv. — Difcharge  a  battciy 
through  a  drop  of  water,  previoufly  placed  a 
the  knob  of  one  of  it's  bottles;  the  whokril 
be  inftantly  exploded  into  vapour;  the  fparks 
will  be  much  longer  than  common,  and  more 
compadt. 

Beccaria  obferves,  that  by  fending  a  difcharge 
to  a  greaccr  or  lefs  diftance,  through  one  or  more 
drops  of  quickfilver,  the  difcharge  diffufes  itfelf 
into  drops,  and  drives  them  into  vapour ;  part  of 
it  riling  into  the  air  in  the  form  of  fropke,  the 
other  part  remains  on  the  glafs. 

Experiment  cxcv. — A  drop  of  water  hanging 
from  the  condenfing  ball  of  an  electrified  conduc- 
tor, will  ftretch  towards  water  placed  in  a  cup 
under  it,  lengthening  and  fhortening  itfelf 
according  to  the  force  of  the  electricity. 

Experiment  cxcvi. — Place  a  drop  of  water 
on  the  prime  conductor,  turn  the  machine,  and 
long  zig-zag  fparks  may  be  taken  from  it ;  the 
drop  will  take  a  conical  figure  ;  the  body  that 
receives  the  fpaik  will  be  wetted,  and  the 
fpark  w  ill  be  confiderably  longer  than  can  be 
obtained  iiom  the  conductor  without  the  water.* 

Experiment 

*  Nicholfon's  Introduftion  to  Philofophy. 
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Experiment  cxcvii. — Stick  a  piece  of  fealing- 
wax  on  the  conductor,  in  fuch  a  manner  that  it 
may  be  eafily  let  on  fire  by  a  taper  5  while  it  is 
flaming  turn  the  cylinder,  the  wax  will  become 
pointed  and  (hoot  out  an  almoft  invifible  thread 
into  the  air,  to  the  length  of  a*  yard  and  more. 
If  the  filaments  that  are  thrown  out  by  the  wax 
are  received  on  a  fheet  of  paper,  the  paper  will 
be  covered  by  them  in  a  very  curious  manner, 
and  the  particles  of  the  wax  will  be  fo  far  fub- 
divided  as  to  refemble  fine  cotton.  To  fallen 
the  piece  of  wax  conveniently  to  the  conductor, 
flick  it  fir  ft  on  a  fmall  piece  of  paper,  then 
twill  the  end  of  the  paper  fo  as  to  fit  one  of  the 
holes  which  are  made  in  the  prime  conductor ; 
when  it  is  thus  placed,  it  may  be  readily  fired  by 
a  taper. 

Experiment  cxcviii. — Infulate  a  fountain 
made  by  cohdenfed  air,  and  which  emits  only 
one  llream ;  eledtrify  the  fountain,  and  the  dream 
will  be  feparated  into  a  great  number;  thefe 
will  difFufe  themfelves  equally  over  a  large  fpace 
of  ground.  By  laying  a  finger  upon  the  conductor, 
and  taking  it  off  again,  the  operator  may  com- 
mand either  the  lingle  llream  or  the  divided  one, 
at  pleafure. 

Experiment 


* 


285  Aw   Essay    on 

Experiment  cxcw — Electrify  two  fiuS 
infulated  fountains  with  the  different  elcdnc 
powers ;  the  ftreams  of  both  will  be  difpaftf 
into  very  minute  panicles,  which  will  m 
together  at  the  top,  and  come  down  in  bean 
drops,  like  a  (hater  of  rain. 
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CHAP.      XIV. 

Of    the    Electric   Light    in    Vacuo- 

Experiment  6c. 

TAKE  a  tall  dry  receiver,  and  infert  in  the 
top,  with  cement,  a  wire  with  a  rounded 
end,  then  exhauft  the  receiver,  and  prefent  the 
knob  of  the  wire  to  the  condu&or,  and  every 
(park  will  pafs  through  the  vacuum  in  a  broad 
ftream  of  light,  vifible  the  whole  length  of  the 
receiver,  moving  with  regularity,  unlefs  it  is 
folicited  and  bent  out  of  it's  way  by  fome  non- 
eledtric,  then  dividing  itfelf  into  a  variety  of  beau- 
tiful rivulets,  which  are  continually  dividing  and 
uniting  in  a  moft  plealing  manner.  If  the  veflel 
is  grafped  by  the  hand,  at  every  fpark  a  pulfation 
is  felt,  like  that  of  an  artery,  and  the  fire  bends 
itfelf  towards  the  hand.  This  pulfation  is  even 
felt  at  fome  diftance  from  the  receiver,  and  in 
the  dark,  a  light  is  feen  between  the  hands  and 
the  glafs.  The  dreams  of  light  pafs  filently 
through  the  receiver,  becaufe  the  air  is  removed* 
by  whofe  vibration  found'Is  produced.  \ 

From  fome  experiments  made  fevcral  years 
fince  by  Mr.  Wilfon,  with  an  excellent  air-pump 

of 
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of  Mr.  Smeaton,  he  obferved,  that  very  fmall 
differences  of  air  occafioned  very  material  dif- 
ferences in  the  luminous  effedfcs  produced  by  the 
electric  fluid ;  for  when  all  the  air  was  taken  out 
of  the  receiver,  which  this  pump  at  that  time 
was  capable  of  extracting,  no  electric  light  was 
vifible  in  the  dark.  Upon  letting  in  a  little  air 
by  a  flop-cock,  a  faint  electric  light  was  vifible, 
and  by  letting  in  a  little  more  air  increafed  the 
light,  which  again  decreafed  on  letting  in  more 
air ;  till  at  laft,  on  admitting  great  quantities, 
it  intirely  vanifhed.  By  this  experiment  it  ap- 
peared, that  a  certain  limited  quantity  of  air  was 
neceflary  to  occalion  the  greateft  luminous  effed. 

Experiment  cci. —  Fig.  82  reprefents  an, 
exhaufted  receiver,  (landing  on  the  plate  of  an 
air-pump,  a  b  an  ele&rified  wire  difcharging  a 
ftream  b  c  of  the  cledtric  fluid  on  the  plate  of 
the  air-pump.  If  the  ftratum  of  air  on  the  out- 
fide  of  the  receiver  be  leffened  by  the  application 
of  the  finger  to  the  receiver,  and  by  this  means 
an  opportunity  be  given  to  the  fluid  on  the 
outfide  toefcape,  the  fluid  within  will  be  impel- 
led to  that  part,  as  at  d  c  f.  It  has  been  inferred 
from  this  experiment,  that  no  repulfive  power 
exifts  between  the  particles  of  the.eleftric  fluid ; 
becaufe,    if  it  was   in  itfelf  really    elaftic,  or 

endowed 
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endowed  with  a  repulfive  power  of  it's  own,  it 
is  not  probable  it  could  pafs  in  an  uninterrupted 
ftream,  as  at  b  c,  when  the  reliftance  was  taken 
off;  it  would  then  fpread  wider,  and  difplay  it's 
claftic  power. 

It  is  more  confident,  fays  Dr.  Watfon,  to 
fuppofe,  that  the  repulfion  of  thefe  particles, 
which  is  feen  in  the  open  air,  is  occafioned  by 
the  reliftance  of  the  air,  and  not  by  any  natural 
tendency  of  the  electricity  itfclf. 

By  confidcring  the  experiments  made  with  the 
eledtric  fluid  in  vacuo,  we  attain  a  clear  idea  of 
the  reliftance  the  air  continually  makes  to  it's 
paflage,  and  fee  that  the  divergence  of  it's  rays 
is  not  to  be  attributed  to  an  imaginary  repulfion, 
but  to  the  rcfiftance  of  the  ambient  air,  for  the 
divergence  ceafes,  and  the  rays  unite,  when  this 
rcfiftance  is  removed. 

Experiment  ecu. ---Before  the  air  was 
exhaufted  from  the  receiver,  if  the  wire  at  the 
top  of  it  was  ele&rified,  a  diverging  brulh 
proceeded  from  it,  about  an  inch  long,  but  little 
of  the  fluid   palling  off",  and  even    that  little 

• 

requiring  a  ftrong  impulfive  force  to  pulh  it 
forward.  On  cxhaufting  the  receiver  the  follow- 
ing changes  took  place :  firft,  the  rays  of  the 
brulh  became  longer  1  fecondly,  the  rays  diverg- 
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ed  lefs,  were  fewer  in  number,  and  the  fixe  of 
the  remaining  rays  was  incrcafed;  thirdly,  they 
all  united  at  lad,  and  formed  a  continued  column 
of  light,  from  the  wire  to  the  plate  of  die  air- 
pump. 

From  this  experiment  it  is  clear,  that  the  air 
is  the  agent  by  which,  with  the  affiftance  of 
other  eledtrics,  we  are  able  to  communicate 
ele&ricity  to  eleftrics,  as  well  as  non-de&rics ; 
for  when  this  is  removed,  the-  fluid  pervades  the 
vacuum,  and  flies  off  to  a  confiderable  diftancc 

Experiment  cciii.— To  diftinguifti  with  great 
accuracy  the  changes  in  the  form  aod  Jeqgth 
of  the  eleQric  fpark  when  it  is  palling  through 
a  receiver,  the  air  of  which  is  more  or  k& 

rarified  ;  fix  a  ball  to  the  rod,  let  another 
proceed  from  the  plate  of  the  air-pump  ;  the 
balls  are  to  be  placed  about  one  inch  from 
each  other.  When  the  vacuum  is  good,  a 
fingle  uniform  ray,  of  a  purple  colour,  pafles 
from  one  ball  to  the  other;  but  in  proportion 
as  the  air  is  admitted,  the  ray  acquires  a 
quivering  motion,  which  indicates  that  a  rc- 
fiftance  to  it's  motion  then  begins,  and  this  inter- 
ruption is  followed  by  a  divilion  of  the  ray  or 
ftream ;  the  ray  now  acquires  a  more  vivid 
light ;  and,  laftly,  it  becomes  the  common  fpark, 

which 
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which  is  emitted  with  greater  or  lefs  facility, 
in  proportion  to  the  power  of  the  machine,  and 
the  refiftance  of  the  air. 

Experiment  cciv. — Prefent  a  thin  exhaufted 
ftafk,,fimilar  to  that  reprefented  at  E,  fig.  49, 
but  without  any  coating  on  the  outfide,  to  the 
condudor,  and  the  bottle  will  be  luminous 
from  end  to  end,  and  when  taken  from  the 
conductor,  will  continue  luminous,  moving  in 
various  curvilinear  dire&ions  for  a  confiderable 
time,  flafhing  at  intervals  in  a  manner  which 
very  much  refembles  the  Aurora  Boreal  is.  The 
light  may  be  revived  by  paffing  the  flafk  through 
the  hand.  The  ftroke  of  the  fluid  againft  the 
glafs  is  very  fenfibly  heard  and  felt  in  this  expe- 
riment. 

The  flexuous  motions  of  the  elecflric  fluid  in  an 
exhaufted  receiver  may,  in  fome  degree,  be 
produced  at  pleafure.  By  wetting  the  outfide 
of  the  receiver,  the  fire  will  follow  the  dire&ion 
of  the  wetted  line,  as  the  refiftance  is  now  leflen- 
cd  on  one  fide;  and  the  fire  can  adhere  and 
accumulate  itfelf  on  the  infide  of  the  receiver; 
becaufe,  by  means  of  the  dampnefs,  it  can  expel 
a  portion  from  the  outfide. 

This    experiment    may    be  exhibited  very 
pleafingty,  by  making  a  Torricellian  vacuum  in 

N  n  2  a  glafs 
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a  glafs  tube  about  three  feet  long,  and  then  fealed 
hermetically.  Hold  one  end  of  this  tube  in  the 
band,  and  apply  the  other  to  the  condu&or,  and 
immediately  the  whole  tube  will  be  illuminated 
from  end  to  end,  and  will  continue  fo  for  a  con- 
fidcrable  time  after  it  is  removed  from  tbc 
conductor,  flafhing  at  intervals  for  many  hours. 

Experiment  ccv. — Screw  on  a  ball,  of  about 
an  inch  diameter,  to  the  rod  of  tbc  plate  of  the 
collar  of  leather  of  an  air-pump ;  place  this  on 
a  tall  receiver;  conned  the  exterior  part  of  the 
rod  with  the  condudor ;  place  feme  cylindrical 
pieces  of  metal  on  the  plate  of  the  pump,  then 
exhauft  the  receiver  in  part,  and  electrify  the 
rod  at  intervals,  and  luminous  jets  of  fire  like 
fulminating  meteors  will  fly  from  the  ball  to  the 
cylinders  of  metal. 

Experiment  ccvi.« — Another  beauriful  ap- 
pearance may  be  produced  in  the  dark,  by  infert- 
ing  a  fmall  Leydeu  phial  into  the  neck  of  a  tall 
receiver,  fo  that  the  outward  coating  may  be 
expofed  to  the  vacuum.  Exhauft  the  receiver, 
and  then  charge  the  phial,  and  at  every  fpark 
which  pafTes  from  the  condudor  to  the  infide, 
a  flafh  of  light  is  feen  to  dart  from  every  part  of 
the  external  furface  of  the  jar,  fo  as  to  fill  the 
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receiver.     Upon  making  the  difcharge,  the  light 
is  feen  to  return  in  a  clofe  body. 

Experiment  ccvii. — A  very  pcrfedi  vacuum 
for  the  paflage  of  the  eledlric  fluid  may  be  made 
by  a  double  barometer,  or  long  bent  tube  of  glafs 
filled  with  mercury  and  inverted,  each  leg  Hand- 
ing in  a  bafon  of  mercury  ;  the  bent  part  of  the 
tube  above  the  mercury  forms  a  complete  vacuum. 
If  a  bottle  is  difcharged  through  this  fpace,  the 
light  ap;  ears  uniform  through  the  whole  fpace* 
but  is  moft  vivid  when  the  difcharges  are  ftrong.. 
Dr.  Watfon  infulated  this  apparatus,  and  then 
made  one  of  the  bafons  of  mercury  communicate 
with  the  condu&or,  and  touched  the  other  with 
a  non-elediric ;  the  eledtric  fluid  pervaded  the 
vacuum  in  a  continued  flame,  without  any  diver- 
gence :  when  one  of  the  bafons  was  conneftecj 
with  the  infulated  cuihion,  the  fire  appeared  to 
pervade  the  vacuum  in  a  different  dire&ion. 

Experiment  ccviii. — Fig.  -83  reprefents  a 
glafs  tube,  fuch  as  is  generally  ufed  for  barome- 
ters ;  on  the  end  b  a  fteel  cap  is  cemented,  front 
which  a  wre  and  ball  c  d  proceed  into  the  tube. 
Fill  this  tube  with  quickfilver,  and  then,  by 
fending  up  a  large  bubble  of  air,  and  repeatedly 
inverting  the  tube,  free  the  quickfilver  and  iron 

ball 
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tall  from  air,  according  to  the  ordinary  mode  of 
filling  biii ometers;  then  place  a  fmall  drop  of 
aether  on  the  quickfilver,  and  put  the  finger  on 
the  end  of  the  glafs  tube,  and  then  infert  the  end 
/in  a  bafor  of  quickfilver,  taking  care  not  to 
remove  the  finger  from  the  end  of  the  tube,  till 
the  end  is  immcrged  half  an  inch  under  rfte 
filver.  When  the  finger  is  removed,  the  quick- 
filver will  defcend,  and  the  jet  her  vill  expand 
itfclf,  leflpn  the  vacuum,  and  deprek  the 
mercury  in  the  tube;  now  prefent  the  metallic 
top  of  the  tube  to  a  large  charged  conductor,  and 
a  beautiful  green  fpark  will  pafs  from  the  ball 
to  the  quickfilver.  By  admitting  a  fmall  quantity 
of  air  into  the  vacuum,  an  appearance  fo'mcthing 
fimilar  to  a  falling  ftar  is  obtained.  I  am  indebt- 
ed for  this  valuable  experiment  to  Mr.  Morgan, 
of  ihc  Equitable  Affurance  Office. 

Experiment  ccix. — Place  the  bra/5  cap  of  a 
well  exhauftcd  receiver,  at  about  half  an  inch 
from  the  prime  conductor,  fo  that  when  the 
machine  is  in  action,  fparks  may  pafs  from  the 
conduflor  to  the  brafs  cap  of  the  receiver.  Mr. 
Cavallo,  in  relating  the  circumftances  attending 
an  experiment  of  this  kind  made  by  him,  ob- 
fcrves,  that  when  the  receiver  was  exhaufted,  the 
fpark  patted  from  the  cap  to  the  plate  of  the 
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pump  through  the  receiver,  illuminating  it's 
whole  cavity  ;  that  the  vacuum  became  a  better 
conduQor  of  electricity  in  proportion  as  it  was 
more  perfedt,  and  that  the  eleflric  light  was 
more  equally  diffufed,  but  it  was  by  no  means 
feint  when  the  receiver  was  cxhaufted  to  the 
utmoft.  The  light  changed  according  as  the 
receiver  was  more  or  lcfs  exhaufted.  The  ap- 
pearances were  as  follows. 

Degree  of  Rarefaction,    Appearances     op      the 

AS  SHEWN  BY  THE  GaCE.  ELECTRIC  LlCHT  WITH  IK 

the  Receiver* 

a-        -n  j  f Light  in  large,  long. 

Airranned  40 times.     J     f      ,..,?„ 

[     but  divided  ft  reams. 

fFine  diffufed  light  of 
7°  \     a  white  colour. 

[Beautiful  diffufed  light 

•°  I      inclining  to  red  or 

100  i      purple,  and    filling 

400  [      the  whole  receiver. 

A  diffufed  light  filled 
When  the  gage  fhewed  j      equally  the  receiver* 
the  utmoft  degreee   J      it    had   hardly  any 
ofexhauftion,  |_    reddifh  hue.* 

See 

*  Phil.  Tran^vol.  lxxiii.  partii.  p.  451, 
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See  alfo  Experiment  112,  113,  121,  122, 
of  this  Eflay,  for  further  obfervations  oa 
the  appearance  of  the  ele&ric  light  in 
vacuo* 
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CHAP.      XV. 

Op  Medical  Electricity. 

nn  HE  Abbe  Nollet  fays,  that  he  received 
-*•  more  pleafure  when  he  difcovered  that  the 
motion  of  fluids  in  capillary  tubes  and  the  in- 
fenfible  tranfpiration  of  animated  bodies  were 
augmented  by  electricity,  than  by  any  other 
difcovery  he  had  made ;  becaufe  they  feemed  to 
promife  fuch  abundant  advantages  to  mankind, 
when  properly  applied  by  a  fkilful  hand.  But 
how  mucK  would  this  pleafure  have  been  aug- 
mented, if  he  had  lived  to  fee  his  hopes  rea- 
lized, and  this  branch  of  electricity  obtain  the 
fame  medical  certainty  as  the  bark  in  inter- 
mittents  ? 

It  is  true,  that  like  every  other  fimple  me- 
dicine which  has  proved  beneficial  to  mankind, 
electricity  met  with  much  oppofition  from  the 
interefted  views  of  fome,  and  the  ignorance  of 
others;  has  been  treated  with  contempt,  and 
injured  by  mifplaced  caution.  I  (hall  recom- 
mend to  thofe  who  thus  oppofe  it,  not  to  con- 
demn a  fubjedt  of  which  they  are  ignorant,  but 
to  hear  the  caufe  before  they  pafs  fentence; 
to  take  ibme  pains  to  understand  the  nature  of 
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ele&ricity ;  to  learn  to  make  the  electrical  ma- 
chine acl  wdl,  and  then  apply  it  for  a  few 
weeks  to  fome  of  thofe  difordcrs  in  which  it  has 
been  adminiftered  with  the  gremteft  fcccc&; 
and  there  is  no  doubt  but  they  would  loon  be 
convinced,  that  it  deferves  a  dtftingniihed  raak 
In  medicine,  which  is  the  ofitpring  of  phite- 
fophy. 

The  fcience  of  medicine  and  it's  pndkioocrs 
have  been  reproached  with  the  inftabihiy  and 
fluctuations  of  pradice ;  at  one  time  cold  as  tbt 
ice  at  Zembla,  at  another  hoc  as  (he  Torrid 
Zone ;  that  they  are  led  by  frfluon,  and  influ- 
enced by  prejudice.  On  this  ground  it  has 
been  predicted,  that  however  great  the  benefits 
which  may  be  derived  from  cle&ricity,  it  would 
ftill  only  laft  for  the  day  of  fafhion,  and  then 
be  configned  to  oblivion.  I  rouft  confefs,  that 
I  cannot  be  of  this  opinion,  nor  eafily  kd  to 
think  a  fee  of  men,  whofe  judgmenr  has  been 
matured  by  learning  and  experience,  will  ever 
neglcdt  an  agent,  which  probably  forms  the 
mod  important  part  of  our  conftitution.  Elec- 
tricity is  an  active  principle,  which  is  neither 
generated  nor  deftroyed ;  which  is  every  where, 
and  always  prefent,  though  latent  and  unobfervcdi 
and  is  in  motion  by  night  and  day,  to  maintain 
an  equilibrium  that  is  continually  varying.    To 
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£ive  ofte  inftance*  among  many,  it  has  been 
(hewn,  that  die  rain  that  defcends  in  a  ftorm 
is  ftrongly  impregnated  with  eleQricity,  and 
{hus  brings  down  what  the  heated  vapours  car- 
jried  up  into  the  air,  till  the  deficiency  of  the 
earth  is  fupplied  from  the  fuperfluity  of  the 
feeavens*    A  variety  of  other  caufes  concur  to 

vary  continually  the  equilibrium  of  this  fluid ; 

* 

as  die  perpetual  inteftine  and  ofciilatory  motion* 
which  contributes  (o  much  towards  carrying  on 
the  operations  of  nature.  Further,  if  a  parti* 
cular  portion  of  this  fluid  is  diftributed  to  every 
Aibftance,  then  every  alteration  of  it's  capacity, 
which  is  continually  changing  by  heat  or  cold, 
muft  move  or  operate  on  it* 

As  heat,  or  fire  in*  action,  is  the  firft  mover 
in  the  animal  machine,  and  the  chief  adive 
principle  during  it's  exiftence,  and  as  ele&ricity 
exhibits  fo  many  phenomena,  which  cannot  he 
diftinguilhed  from  thofe  of  fire,  we  are  natu- 
rally led  to  conceive  high  ideas  of  the  impor- 
tance of  this  fluid  to  medicine.  Though  the 
vital  date  of  it  is  not  to  be  eft i mated  by  the 
degree  of  heat,  abftra&edly  confidered,  becaufe 
the  degree  of  heat  only  afcertains  the  quantity 
which  is  afting  in  a  peculiar  manner. 

It  is  known  that  this  vivifying  principle  haftens 
the  vegetation  of  plants.    Myrtle-trees,  which 
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were  ele&rified,  budded  (boner  than  others  of 
the  fame  kind  and  fixe,  and  in  the  fame  green- 
houfe.  Seeds,  daily  cleftrified,  have  (hot  up, 
and  grown  more  in  three  or  four  days  than  others 
of  the  fame  kind,  and  alike  in  all  other  dicum- 
ftances,  have  done  in  eleven  or  twelve  days. 
In  the  fame  manner  Mr.  Achard  has  fliewn,  tftat 
it  may  be  ufed  as  a  fupplement  for  heat,  to 
hatch  the  chicken  from  the  egg.  The  fuppo- 
fition  of  an  ingenious  writer  is  by  no  means  im- 
probable,  that  the  vegetating  power  which  is 
operating  during  the  whole  year  in  ever-gitens, 
may  arife  from  thefe  trees  having  more  itfin 
in  their  compofition,  than  thofc  whofe  leaves  fall 
in  autumn,  by  which  they  are  enabled  to  attraft 
and  retain  thofe  juices  which  give  them  their 
continual  verdure,  and  fupply,  in  fome  degree, 
the  abfence  of  folar  heat.  This  may  be  inferred 
from  their  natural  properties,  and  is  confirmed 
by  the  flrong  elcdric  power  pofleflcd  by  their 
leaves.  The  fame  writer  thinks,  that  the  fluid 
colle&ed  in  our  eleftrical  experiments  is  only 
thbfe  folar  rays  that  have  been  difperfed  in,  and 
are  arretted  by  the  earth;  an  idea  which  is 
ftrongly  corroborated  by  the  obfervations  made 
on  atmofpherical  electricity,  and  by  the  deduc- 
tions which  have  been  made  from  the  relative 
affinities  of  fire,  light,  and  heat. 
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The  agency  of  this  fluid,  and  it's  exiftence  in 
animated  nature,  has  been  fully  proved  by  the 
experiments  that  have  been  made  on  the  Torpedo 
and  the  Gymnotus  Ele&ricus ;  for  the  fimilitude 
eftablifhcd  between  the  eledxical  fluid  of  the 
Torpedo  and  that  of  nature  at  large,  is  fuch, 
that,  in  a  phyfical  fenfe,  they  may  be  confidcred 
as  precifely  the  fame.  Mr.  Hunter  has  well  ob- 
ferved,  fays  Sir  J.  Pringle,  and  I  think  he  is  the 
firft  who  has  made  the  obfervation,  that  the 
magnitude  and  number  of  the  nerves  beftowed 
on  thofe  eledtric  organs  in  'proportion  to  their 
Fize,  mud  appear  as  extraordinary  as  their  efFeds  ; 
and  that,  if  we  except  the  important  organs  of 
our  fenfes,  there  is  no  part,  even  of  the  moft 
perfeft  animal,  which,  for  it's  fize,  is  more 
liberally  fupplied  with  nerves  than  the  Torpedo: 
nor  yet  do  thefc  nerves  of  the  eledtric  organs 
feem  neceflary  for  any  fenfation  that  can  belong 
to  them :  and  with  refped:  to  a&ion,  Mr.  Hunter 
obferves,  that  there  is  no  part  of  any  animal, 
however  ftrong  and  conftant  it's  a&ion  may  be, 
which  enjoys  fo  large  a  portion  of  them.  If  then 
it  be  probable,  that  thefe  nerves  are  unneceflary 
for  the  purpofe  either  of  fenfation  or  aftion, 
may  we  not  conclude,  that  they  are  fubfervient 
to  the  formation,  collection,  and  management 
of  the  ele&ric  fluid  ?  efpecially,  as  it  appears 
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from  Mr.  WaUh's  experiments*  that  the  ViU 
*f  the  animal  commands  the  define  power* 
of  its  organs.  If  thefe  reflexions  are  jaft,  we 
may  with  fome  probability  forctd,  thifc  bo 
drtcorery  of  confequence  will  ever  be  made  by 
future  phyfiologifts  concerning  the  nature  of 
the  nervous  fluid,  without  acknowledge  the 
lights  they  have  borrowed  from  the  experi- 
ment* of  Mr.  WtUh  upon  the  living  Torpedo, 
and  the  diffection  of  the  dead  animal  by  Mr. 
Hunter.* 

A  variety  of  curious  fads  clearly  evince,  that 
the  de&ric  fire  is  eflentially.conne&ed  with  the 
human  frame,  and  is  continually  exerting  it's 
influence  upon  it.  Add  to  this  the  cafe  with 
which  the  natural  equilibrium  is  defltoyed,  and 
we  may  readily  conceive,  that  any  alteration  in 
the  quantity  or  intenfity  of  action  of  this  power- 
ful fluid  will  produce  correfponding  changes  in 
the  habit  or  health  of  the  body :  the  following 
is  a  remarkable  inftance  of  the  agency  of  the 
fluid  in  the  human  frame,  and  of  the  cafe  with 
which  it  is  put  in  action.  Mr.  Brydonc  men* 
tions  a  lady,  who,  on  combing  her  hair  in  frofty 
weather  in  the  dark,  had  fome  times  obferved 
(parks  of  fire  to  iffue  from  it ;  this  made  hira 

think 

*  Sir  John  Pringle's  Difcourfcs,  p.  84. 
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rhink  of  attempting  to  colled  the  ele&rkal  fire 
from  hair  alone,  without  the  affiftance.  of  any 
other  eJedtficai  apparatus.  To  this  end,  he 
defired  a  young  lady  to  ft  and  cm  wax,  and  comb 
her  filter's  hair,  who  was  fitting  in  a  chair  befbM 
her ;  (bon  after  (he  had  begun  to  comb,  the  young 
lady  on  the  wax  was  furprifed  to  find  her  whole 
body  electrified,  and  darting  out  (parks  of  fire 
againft  every  objeft  that  approached  hen  Her 
hair  was  ftrongly  electrical,  and  affedted  a* 
electrometer  at  a  confiderable  diftance.  Hcf 
charged  a  metallic  condu&or  from  it,  audi  in 
thefpace  of  a  few  minutes  collected  a  fufl&cieiK 
quantity  of  fire  to  kindle  common  fpirits,  and* 
by  means  of  a  fmall  jar,  gave  many  fmart  ftroke* 
to  all  the  company. 

Mr.  Cavallo  obuined,  by  means  of  a  fmalt 
condenfmg  plate,  very  fenfible  figns  of  ele&rictty 
from  various  parts  of  his  own  body,  and  tht 
head  of  almoft  any  other  perfon. 

When  the  difcoveries  in  this  fcience,  fays  Mr. 
Brydone,  are  further  advanced,  we  may  find, 
that  what  we  call  fenfibility  of  nerves,  and  many 
other  difeafes,  which  are  known  only  by  name* 
are  owing  to  the  bodies  being  pofiefled  of  DM 
large  or  too  fmall  a  quantity  of  this  fubtle  fl^idf 
which  is  perhaps  the  vehicle  of  all  our  feelings. 
It  is  known,  that  in  damp  and  hazy  weather* 
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when  this  fire  is  blunted  and  abfibtfaed  by  fe 
humidity,  it's  activity  is  lefleacd,  mad  what  a 
colleded  is  (bon  diflipated  *  then  our  fgkm  are 
more  languid,  and  our  fcnfibitity  ia  Ida  scale. 
And  in  the  fierce  wind  at  Naples  when  die  sir 
leans  totally  deprived  of  it,  the  whole  fyftem 
is  unftrung,  and  the  nerves  feem  to  lofc  both 
their  tenfion  and  elafticity,  till  the  north-weft 
wind  awakens  the  adivity  of  the  snimaring 
power,  which  foon  reftorcs  the  tonc^  and  eali* 
vena  all  nature,  which  leaned  .to  droop  and 
langutih  init'sabfence:  nor  can  this  appear  fur-, 

prifing,  ifitufromthedifimntftateof  this&e 
in  the  human  body,  that  the  ftri&um  and  iaxum 
proceeds,  and  not  from  any  alteration  in  the 
fibres  themfelves,  or  their  being  more  or  lets 
braced  up,  (among  which  bracers  cold  has  been 
reckoned  one)  though  the  mufcular  parts  of  an 
animal  are  more  braced  when  they  are  hot,  and 
relaxed  when  they  are  cold. 

Mr.  Jalabert  and  Profcflbr  Sauflure,  when 
palling  the  Alps,  were  caught  among  thunder- 
clouds, and  found  their  bodies  full  of  elc&rical 
fire;  fpontaneous  flafhes  darting  from  their 
fingers,  with  a  crackling  noife,  and  the  fenfations 
they  felt  were  the  fame  as  when  ftrongly  elec- 
trified by  art.  It  feems  pretty  evident,  that 
thofc  feelings  were  owing  to  their  bodies  con- 
4  taining 
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tiining  too  great  a  (hare  of  elcftrical  fire ;  and 
it  is  ndt  improbable,  that  many  of  our  invalids 
ttwe  their  feelings  to  the  oppofite  Caufe. 

The  perpetual  ele&ricity  of  the  atmofphert 
ift  no  longer  a  problem :  the  exiftence  and  con- 
tinual agency  of  it  in  thatmafs  of  air  which  fur- 
rounds  our  globe  has  been  afcertained  by  nu- 
merous clear  and  decifive  experiments,  and  it 
feems  by  no  means  improper  to  infer,  that  this 
fluid  cannot  exift  in  the  atmofphere  without 
exerting  a  certain  influence  on  all  the  beings 
contained  irt  ,.  it,  and  principally  on  organized 
bodies,  among  which  man  holds  the  highelt 
ftuik. 

Experiment  ccx.— >Pafs  the  charge  of  a  large 
jar,  or  battery,  from  the  head  to  the  back  of  a 
hioufe ;  this,  if  the  (hock  is  fufficiently  ftrong, 
will  kill  the  animal.  After  it's  death,  make  the 
difcharge  in  the  fame  manner,  and  the  fluid  will 
pafs  vifibly  over  the  body,  and  not  through  it  ? 
evincing,  that  the  power  or  medium  which 
tranfmitted  the  (hock  through  the  animal,  is  loft 
with  it's  life.  This  experiment  is  taken  from 
Mr.  Cavallo's  treatife  on  medical  elecftricity. 
It's  importance  is  felf-evident,  and  it  certainly 
merits  a  further  inveftigation  by  tbofe  who  are 
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acquainted  with  the  animal  oeconomy,  at  veil 
at  electricity. 

The  following  experiment  (hews,  due  the 
deltric  fluid  paffes  through  that  (erica  of  mufcles 
which  form  the  fhorteft  paflage  for  it,  and  whofc 
conducting  power,  or  dedric  capacity,  is  moft 
fiivourable  to  it. 

Experiment  ccxi. — Let  A  grafp  t  Leyden 
phial  with  his  right  hand*  and  touch,  with  a 
brafs  rod  held  in  his  left  hand,  the  naked  right 
foot  of  B;  let  the  left  foot  of  B  communicate 
by  a  brafs  rod  with  the  right  fix*  of  C;  kt  D 
with  his  right  hand  hold  the  left  ear  of  C,  and 
touch  the  knob  of  the  bottle  with  his  left  hand : 
A  will  feel  the  (hock  in  the  mufcles  of  the  right 
hand  and  arm,  of  the  thorax,  and  of  the  left 
hand  and  arm ;  B  will  feel  the  commotion  in  the 
mufcles  of  his  right  foot,  right  leg  and  thigh, 
and  thofe  which  are  connected  with  the  left 
rhigh,  leg,  and  foot,  while  C  will  perceive  it  in 
that  feries  which  goes  from  the  leg  to  the  ear  by 
which  he  communicates  with  D.  The  a&ion  of 
the  fluid  on  the  human  body  in  the  (hock,  is  the 
fame  when  it  pafles  through  fimilar  parts  with 
the  fame  denfity.  It's  a&ion  is  more  extenfive 
When  the  fire  is  denfeft,  and  therefore  moft  in- 
tenfe  when  it  meets  with  any  refiftance. 

5  Affifted 


Electricity.  307 

•  Afliftcd  by  a  furgeon,  Beccaria  made  feveral 
experiments  upon  the  effecfts  produced  by  elec- 
tricity on  the  mufcles  in  the  left  leg  of  a  cock. 
The  mufcles  were  ftrongfy  contracted  when  a 
{hock  was  patted  through  them,  and  the  con- 
traction was  always  accompanied  by  a  fudden 
and  proportional  fwclling  of  the  mufcles,  ex- 
cepting at  the  part  where  the  membrane  is  inr 
ferted,  which  feparates  one  mufcle  from  ano- 
ther, which  was  always  deprefled.  The  mem- 
brane which  inverted  that  part  of  the  mufcle 
through  which  the  fluid  parted,  became  dry  and 
wrinkled,  and  a  vapour  arofe  '  from  that  part ; 
when  one  mufcle  was  contra&ed,  a  general  con- 
traction took  place  in  thofe  that  were  contiguous 
to  it,  and  they  were  a  little  convulfed  after  the 
ihock. 

In  another  inftance,  where  the  mufcle  was 
relaxed  and  parted  from  the  thigh,  on  palling 
the  (hock  through  it  the  mufcle  contracted  itfelf, 
and  was  drawn  back  into  it's  natural  place,  and 
could  not  be  again  difplaced  but  by  force;  a 
circumftance  which  ftrongly  manifefts  the  power 
of  electricity  to  give  tone  to  a  flaccid  fibre.  Indeed, 
when  we  confider,  fays  a  very  fenflble  writer, 
that  the  mufcles  have  been  brought  into  adtion 
by  the  electric  fire ;  that  it  has  rendered  palfied 
limbs  plump,  and  reftored  a  power  of  aCtion 
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tad  morion  to  many,  whoft  patfict  $d  not 

wife  from  Che  ljnnatiQariww  B  ts  it  mc  a  coo. 
▼incing  proof,  that  the  vital  fire  b  theauJe  of 
mufcular  motion,  and  that  this  ie  tht  faqe 
with  that  which  is  coileded  hf  tbe  ekBakd 
machine  ?* 

As  the  fcience  of  medicine  km^t  of  nofpe> 
cific,  fo  we  are  not  to  fuppofe,  diac  tioStridtf 
will  triumph  over  "every  diforder  to  which  ir  is 
applied  It's  fuccefs  will  be  more  or  left  ex- 
tenfive,  according  to  the  difpofitkm  qffthefub: 
jeftf  and  the  talents  of  thofc  who  dirp&it;  k 
cannot  therefore  appear  furprifing,  that  many 
difordcrs  have  been  refra&jry  to  it's  powws,  an) 
others  have  only  yielded  in  a  fiaaaU  ifcgweg  or, 
that  the  progrefs  of  the  cure  has  often  been 
(topped  by  the  impatience,  or  prejudice,  of  the 
difeafed :  but  at  the  fame  time,  \\  muft  be  ac- 
knowledged, that  even  in  it*s  infancy,  when  it 
had  to  combat  againft  fear,  prejudice,  and  jn- 
tereft,  it's  fuccefs  was  truly  great:  we  have 
furely  then  the  higheft  reafon  to  expeft  a  con- 
fide rable  increafe  of  fuccefs,  now  that  it  is  cul- 
tivated and  promoted  by  profeflional  men  of  the 
firft  merit. 

Experiment 

*  Dr.  Cullen  fays,  that  ele&ricity,  when  properly  ap- 
plied, it  one  of  the  mo  ft  powerful  ftimulants  that  can  be 
tried  to  ad  upoti  the  nervous  fyftem  of  animals. 
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Experiment  ccxii. — This  experiment  (hews, 
that  the  jele&ric  powers  may  be  put  in  aftion  by 
fieat  and  cold-     It  was  originally  made  by  Mf. 
puiton.    He  procured  fome  thin  glafs  balls,  of 
about  an  inch  and  a  half  diameter,  with  items 
pr  tubes,  about  eight  or  nine  inches  in  length, 
and  ele&rified  them,    fome  poQtively  on  the  in- 
fide,  others  negatively,  and  fhen  fealed  them 
hermetically ;  foon  after  he  applied  the  naked 
balls  to  his  ele&rometer,  and  could  not  obferve 
the  lead  fign  of  their  being  ele&rical ;  but  hold, 
ing  them  at  the  fire,  at  the  diftance  of  five  or 
fix  inches,  they  became  firongly  ele&rical  in  a 
fhort  time,  and  more  fo  when  they  were  cooling. 
Thefe  balls  would,  every  time  they  were  heated, 
give  f he  cle&ric  power  to,  or  take  it  from  other 
bodies,  according  tQ  the  plus  or  minus  ftate  of 
it  within  them*    Heating  them  frequently  di- 
jninifhed  their  power,  but  keeping  one  of  them 
under  water  a  week  did  not  in  the  lcaft  impair 
it.    The  balls  retained  their  virtue  above  fix 
years.    The  tourmalin  and  many  other  precious 
Hones  arc  alfo  known  to  acquire  ele&ricity  by 
heat.    The  tourmalin  has  always  at  the  fame  time 
a  pofitivc  and  negative  ele&ricity ;  one  fide  of 
it  being  in  orie  ftate,  the  other  in  the  oppofite. 
Thefe  powers  may  be  excited  by  fridion  and 

by 
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by  heat ;  nay,  even  by  plugging  it  10  baity; 
water* 


Experiment  ccxni*-**JnfuUtc  a  fenfiUemer- 

corial  thermometer*  andiplace  die  bulb  between 

.two  balls  of  wood,  one  affixed  to  the  condofiw, 

the  other  communicating  with  the  ground*  and 

a  the  electric  fluid,  in  palling  between  die  two 

halls,  wilt  raife  the  mercury  in  the.tbennometer 

confiierably.    With  a  cylinder  of  about  (even 

-inches  and  a  half  in  diameter,  the  fjtatd  palling 

from  a  ball  of  lignum  viae  to  a  ball  of  beech, 

and  thence  to  the  ground,  elevated  the  quick- 

filver  in  the  thermometer,  from  68*  to  no\ 

repeatedly  to  1 05 .     The  thermometer  was  mfed 

J'rom  68*  to  85°,  by  the  fluid  fmf&og  from  a 

point  of  box  to  a  point  of  lignum  vitae  5  from 

670  to  ioo°,  from  a  point  of  box  to  a  ball  of 

box;  from  66°  to  100",  from  a  ball  of  box  to 

a  brafe  point;  from  690  to  ioo°,  from  hall  to 

ball ;  the  bulb  o(  the  thermometer  covered  with 

flannel. 

Mr.  Morgan,  in  his  examination  of  Dr.  Craw- 
ford's Theory  of  Heat,  was  the  firft  perfon  who 
proved,  that  the  mercury  in  the  thermometer 
might  be  raifod  by  electricity. 

The  public  have  long  expeded,  that  fomc  fyf- 
tcm  of  the  application  of  Medical  Eledricity 

would 
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would  be  produced;  but  the  gentlemen,  into 
whofe  hands  the  chief  prattice  has  fallen,  know 
the  fallacy  of  fyftems  too  well  to  hazard  any 
which  is  not  built  on  experience. 

In  a  fliort  courfe  of  ledtures  which  were  read 
on  this  fubjeft  lately  by  Mr.  Birch,  fome- 
thing  like  a  fyftem  was  thrown  out  for  the  <:on- 
fideration  of  future  electricians.  The  applica- 
tion of  eledtricity  to  medicine  was  divided  into 
three  forms;  namely,  the  fluid,  the  fpark  or 
fri&ion,  and  the  (hock.  The  firft  mode  he  con- 
sidered to  adl  as  a  fedative,  the  fecond  he  ranked 
under  the  title  of  a  ftimulant,  and  the  lad  as 
a  deobftruent.  As  the  diftindtions  were  the 
refult  of  many  experiments  and  much  obfer- 
yation,  they  may  fafely  be  adopted  for  the  pre- 
fent.  That  gentleman  being  now  engaged  in 
the  pra&ice  of  a  great  hofpital,  where  his  elec- 
trical experiments  have  already  gained  fome  re- 
putation, we  may  hope  the  fcience  will  be  more 
univerfally  diflfufed,  and  being  taught  under  the 
cautious  eye  of  public  fcrutiny,  we  may  truft  it's 
merits  will  foon  give  it  an  eftablifhed  rank  in  the 
art  of  healing. 

From  hence  we  may  perceive,  that  in  medi- 
cine, ele&ricity  is  applicable  to  palfies,  rheu- 
matifms,  intermit  tents ;  to  fpafm,  obftru&ion, 
and  inflammation.    In  furgery  it  has  confider- 

able 
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able  (cope  for  a&ion ;  where  contractions  aid 
fprains,  tumours,  particularly  of  the  glandular 
fort,  wafting  of  the  mufcles,  and  other  inci- 
dents, form  a  catalogue  of  vifible  difeafes  as 
diftrcfling  to  the  fight  of  others  as  to  the  patient* 
themfelves.  The  gout,  and  the  fcrophula,  or 
king's  evil,  two  difeafes  which  have  tormented 
mankind,  and  been  the  difgrace  of  medicine  to 
the  prefent  time,  are  ranked  among  thofe  to 
which  this  remedy  is  applicable;  and  in  the 
commencement  of  the  complaints,  I  am  inform- 
ed, has  been  wonderfully  fuccefsful.  To  remove 
ill-placed  (its  of  the  gout,  it  (hould  fcem  to  be 
a  more  rational  application  than  any  medicine, 
for  it  applies  directly  to  the  feat  of  the  difczfc, 
with  a  power  and  rapidity  unknown  in  phyfic, 
and  perfe£lly  manageable  at  difcretion ;  and,  as 
it  is  a  remedy  which  applies  to  the  underftanding 
as  well  as  to  the  feelings,  I  fhould  think  it  better 
worth  the  attention  and  contemplation  of  men 
of  liberal  education,  than  the  compounding  a 
medicine,  in  which  they  place  little  faith,  or 
applying  a  plaifter,  in  which  they  have  none 
at  all. 

The  fuccefs  of  elcvflricity,  in  relieving  the 
fufferings  of  mankind,  has  been  cpnfiderably 
promoted,  and  it's  operations  rendered  more 
rapid,  fenfible,  and  efficacious,  by  applying  it  ia 

different 
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different  manners  and  quantities  to  the  human 
frame.  The  modes  formerly  ufed  were  the  (hock, 
Ipark,  and  fometimes,  though  very  feldom,  fim- 
pie  ele&rification.  Thefe  modes  are  now  va- 
ried, and  their  number  augmented.  The  ftreaiq 
of  the  elecftric  fluid  may,  without  a  ihock,  be 
made  to  pafs  through  any  part  of  the  body ;  it 
may  alfo  be  thrown  upon,  or  extracted  from  any 
part,  and  it's  a&ion  in  each  cafe  varied,  by 
caufing  the  fluid  to  pafs  through  material* 
which  refift  it's  paflage  in  different  degrees ;  it 
may  be  applied  to  the  naked  integuments,  on 
to  the  fkin  covered  with  different  refilling  fub- 
ftances  ;  and  it's  power  may  be  rarified  or  con- 
denfed,  confined  to  one  fpot,  or  applied  in  a 
more  diffufive  manner,  at  the  difcretion  of  the 
operator. 

,  the, apparatus  necessary  for  this  purpose 
is  simple,  and  consists  of  the  follow  inq 
articles: 

i.  An  ele&rical  machine,  with  an  infulated 
cufhion,  properly  conftru&ed  to  afford  a  con- 
tinued and  ftrong  ftream  of  the  eledlrical  fluid, 
(The  machine  reprefented  in  the  plate  which 
faces  the  title-page  of  this  Effay,  is  the  kind 
which  Mr.  Birch  recommended  to  medical  prac- 
titioners in  his  ledlures.) 

Qq  ?.a 
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t.  A  ftool  with  infulating  feet,  o*  richer  10 
arm  chair  fifed  on  a  large  infulating  ftool.  The 
infide  part  of  the  back  of  the  chair  Vboold  move 
on  a  hinge,  that  it  may  occafionsdly  let  <k*n  to 
elcvflrify  conveniently  the  back  of  die  patknc : 
the  arms  of  the  chair  (hould  alfo  be  made  longer 
thanufual. 

3.  A  Leyden  bottle  with  an  ele&nnnerer. 

4.  A  pair  of  large  dirc&ors,  with  glafi  handles, 
and  wooden  points. 

5.  A  few  glafs  tubes  of  different  bores,  fomc 
of  them  with  capillary  points. 

To  thefe  may  be  added,  an  uriiverfal  dif- 
chargcr  on  a  large  fcale,  a  pair  of  fmall  direc- 
tors with  filver  wires,  and  a  pair  ofinfuUting 
forceps. 

Fig.  93  reprefents  the  directors ;  the  handles 
are  of  glafs.  A  is  a  brafs  wire  with  a  ball  on  it's 
end.  The  uire  of  one  is  bent,  for  the  more  con- 
veniently throwing  the  electric  fluid  on  the  eye, 
&c.  The  balls  may  be  unfereued  from  the 
wires,  and  the  wooden  point  B  fcrewed  in 
it's  place,  or  the  pointed  end  of  the  brafs  wire 
may  be  ufed.  The  directors  fhould  always  be 
held  by  that  extremity  of  the  glafs  handle  which 
is  fartheft  from  the  brafs,  and  care  (hould  be  taken 
that  the  heat  of  the  hand  does  not  make  them 

jnoifl. 
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.  L  and  M,  fig,  84,  reprcfent  glafs  tubes, 
through  which  fmall  wires  are  made  to  pals,  to 
convey  the  fluid  direftly  to  the  ear  or  throat. 

Fig.  88  reprefents  another  glafc  tube,  of  a 
larger  fize,  the  end  of  which  is  capillary;  a  fmall 
quantity  of  rofe  water,  or  any  other  fluid,  is  to  be 
poured  into  this  tube ;  then  conned  it  with  the 
prime  conductor  by  a  wire ;  turn  the  cylinder, 
and  a  fubdivided,  gentle  and  refrefhing  ftream 
of  this  fluid  may  be  thrown  on  the  patient. 

Fig.  86  reprefents  the  eledlric  forceps :  fome 
gentlemen  think  it  is  a  very  convenient  inftru- 
ment  for  communicating  a  (hock.  It's  ufe  is 
evident  from  an  infpedlion  of  the  figure. 

Fig.  85  is  the  medical  bottle,  furniflied  with 
an  ele&rometer,  to  limit  the  force  of  the  (hock, 
and  enable  the  operator  to  give  a  fucceffive 
number  of  them  of  the  fame  force.  C  is  a  bent 
piece  of  glafs,  on  the  upper  part  of  which  is 
cemented  a  brafs  focket  D,  furnilhed  with  a 
fpring  tube  E ;  the  wire  F  moves  in  this  tube, 
fo  that  the  ball  G  may  be  fet  at  a  convenient 
diftance  from  the  ball  H.  The  end  I  of  the 
bent  piece  of  glafs  is  alfo  furnifhed  with  a  fpring 
tube,  which  Aides  upon  the  wire  K,  communi- 
cating with  the  infide  of  the  bottle. 

To  ufe  this  bottle,  place  the  ball  H  in  contact 
with  the  condu&or,  or  conned  them  together 

QjJ  2  by 
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by  a  wire,  and  then  charge  it  in  the  ufuaf  man- 
ner. Now,  if  a  wire  proceeds  from  the  ball  L 
to  the  outfidc  coating,  the  bottle  will  be  dis- 
charged whenever  the  fluid  has  acquired  fufficicnt 
force  to  pafs  through  the  fpace  of  air  between  the 
two  balls ;  confequently  the  (hock  is  ftronger  in 
proportion  as  the  diftance  between  the  two  balls 
is  incrcafed. 

It  is  obvious,  that  when  the  ele&ometer  is 
thus  connc<fted,  it  ads  in  the  fame  manner  as  a 
common  difcharging  rod,  and  forms  the  com- 
munication between  the  outfide  and  the  infide  of 
the  bottle;  with  this  difference  only,  that  the 
diftance  of  the  end  which  is  to  communicate  with 
the  infide  may  be  limited  and  regulated. 

It  has  been  found  more  convenient,  to  fepa- 
rate  the  electrometer  from  the  bottle,  and  apply 
it  to  the  condu&or :  fee  in  the  frontifpiece  to  this 
Eflay,  where  a%  b%  rcprcfents  the  electrometer, 
c,  d,  the  Lcydcn  bottle,  fufpended  at  a  fmall 
diftance  from  it ;  a  glafs  tube  c%  /*,  is  fixed  in  this 
bottle,  a  fmall  part  of  the  lower  end  of  which  is 
coated ;  two  wires  pafs  through  the  brafs  ball 
C  on  the  top  of  this  tube,  one  of  which  goes 
down  to  the  bottom  of  the  exterior  bottle,  and 
touches  it's  internal  coating,  the  other  only  goes 
to  the  coating  of  the  tube  :  thefe  wires  may  be 
removed  at  pleafure.  The  bottle  is  to  be  fuf- 
pended 
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pended  to  the  conductor  by  the  ring,  and  a 
chain  or  wire  is  to  be  fixed  to  the  hook  d,  at  the 
bottom. 

Fig.  119,  pi.  V.  reprefents  the  bottle  dirc<5tor, 
which  is  hollow  and  coated  like  a  common  bottle, 
a&ing  in  all  refpefts  like  one,  but  is  convenient 
from  it's  fhape  and  fome  other  circutnftances  in * 
giving  fmall  ftiocks. 

The  handles  of  the  directors  Ihould  be  care- 
fully dried,  as  alfo  the  bent  piece  of  glafs  C, 
and  thofe  parts  of  the  bottle  which  are  above  the 
coating.  It  is  likewife  neceflary  to  prefs  the 
ends  of  the  dire&ors  againft  the  part,  to  convey 
the  (hock  more  readily. 

Fig.  87  reprefents  an  univerfal  difcharger 
upon  a  large  fcale,  with  a  patient  fitting  between 
the  two  pillars,  one  ball  hefting  at  A,  the  other 
being  placed  at  B.  The  convenience  of  this 
apparatus  is  obvious,  from  an  infpe&ion  of  the 
figure ;  for  as  the  joints  have  both  an  horizontal 
and  vertical  motion,  and  the  wires  pafs  through 
two  fpring  fockets,  they  may  therefore  be  placed 
in  any  dire&ion,  and  the  balls  fixed  in  any  re- 
quired fituation.  Hence,  by  conne&ing  one 
wire  with  a  pofitive  conductor,  and  the  other 
with  a  negative  one ;  or  one  with  the  bottom  of 
a  Leyden  bottle;  and  the  other  with  the  electro- 
meter ;  the  (hock  or  dream  may  be  conveyed  to 

any 
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any  part,  with  the  greateft  facility.  It  is  alio 
evident,  that  a  perfon  may,  by  means  of  the  two 
joints  of  this  fimplc  apparatus,  ele&rify  himfelf 
with  eafe,  (or  any  patient,  conveniently)  without 
the  afliftance  of  any  other  perfon ;  that  is,  he 
may  turn  the  machine  with  one  hand,  while  he 
is  receiving  the  fluid,  or  the  (hock,  by  means  of 
this  univerfal  difcharger.  But  this  may  alio  be 
readily  effe&ed,  by  fattening  a  wire  to  one  of  the 
conductors,  and  pinning  the  other  end  of  it  to 
one  extremity  of  the  part  through  which  you 
intend  to  pafs  the  (hock,  or  convey  the  fluid  ; 
then  conned  a  dirc&or  with  the  other  conductor, 
and  hold  it  to  the  other  extremity  of  the  part. 
If  the  (ituation  is  fuch  as  to  occafion  the  wires  to 
touch  the  table,  pafs  a  fmall  glafs  tube  over  them, 
which  will  prevent  a  di  flip  at  ion  of  the  fire. 

Electricity   may  be  applied  medically  in 

the  following  different  modes. 

Firft,  By  merely  placing  the  patient  in  an 
infulatcd  chair,  and  conne&ing  him  with  the 
prime  conductor;  when  the  machine  is  in  adtion, 
he  will  be  filled  with  the  eledtric  fluid,  which 
will  be  continually  diffipated  from  "the  points  and 
edges  of  his  ctoaths  :  and  though  the  efiedts  of 
this  are  probably  too  flow  to  be  rendered  very 

ad  van- 
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advantageous,  yet  a  fedentary  perfon  might 
perhaps  derive  fome  benefit  from  fittipg  in  an 
infulated  chair,  having  before  him  an  infulated 
tpble ;  the  chair  to  be  connedted  with  the  ball 
of  a  large  charged  jar  pr  battery,  by  which  mean* 
a  fmall  quantity  of  the  fluid  will  be  continually 
pafling  through  thofe  innumerable  capillary 
▼effete,  on  the  right  (late  of  which  our  health  Ip 
much  depends.    . 

3.    By    THROWING    THE    FtUID     UPON,    OR     EX-» 
TRACTING  IT  FROM  A  PaTIBNT,   BY  MEANS  OF 

A  wooden  Point. 

This  may  be  p ffe&ed  in  a  twofold  manner : 
jft,  By  iftCilacing  the  patient,  and  conncding 
hint  either  with  the  cufhion  or  the  pofitive 
prime  conductor,  the  operator  prefenting  the 
point.  2nd,  Let  the  patient  (land  upon  the 
ground,  and  the  wire  of  the  direQor  be  connect- 
ed either  with  the  pofitive  or  negative  parts  of 
the  machine.  The  fenfation  produced  by  the 
fluid  when  adling  in  this  manner,  is  mild  and 
pleafjng,  refembling  the  foft  breezes  of  a  gentle 
wind ;  generating  a  genial  warmth,  and  promot- 
ing the  fecretion  and  diflipation  of  tumors,  in- 
flammations, &c. 

3-  By 
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3.  Br  the  Electric  Friction. 

Cover  the  part  to  be  rubbed  with  woollen  doth 
or  flannel.  The  patient  may  be  feared  in  an 
iufulated  chair,  and  rubbed  with  the  ball  of  a 
diredor  that  is  in  contaft  with  the  conductor : 
or  he  may  be  connefted  with  the  conductor, 
and  rubbed  with  a  brafs  ball  which  cotnmimicates 
with  the  ground.  The  fri&ion  thus  produced 
is  evidently  more  penetrating,  more  a&ive,  and 
more  powerful,  than  that  which  is  communicated 
by  the  fle(h  brufii ;  and  then  is,  I  apprehend, 
very  little  fear  of  being  thought  too  Janguine, 
if  I  afTert,  that  this,  when  u fed  but  for  a  few 
minutes,  will  be  found  more  efficacious  than  the 
other,  after  fevcral  hours  application. — Elcftri- 
city  applies  here  with  peculiar  propriety  to  fpafm, 
pleurify,  and  fomc  ftages  of  the  palfy,  and  in 
every  cafe  anfvvcrs  the  end  of  bliftering  where 
*he  difcharge  is  not  wanted,  being  the  moft  fafc 
and  powerful  ftimulant  we  know. 


4.  By 
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4i.  By    taking    strong   Sparks    from  the 

Patient. 

Here,  as  in  every  other  cafe,  the  operator  may 
conned  the  ball  of  the  diredor  with  the  pofitive 
or  negative  condu&or,  or  he  may  conned  the 
patient  with  either  of  thefe  and  the  ball  with  the 
ground ;  now  it  is  clear  from  what  has  been 
already  laid  down,  that  if  the  director  be  con- 
nefted  with  the  pofitive  condudor,  the  fluid  is 
thrown  upon  the  patient,  if  with  the  cufhion 
the  fluid  is  ex  traded  from  him.  Let  the  patient 
be  infulated,  and  the  adion  is  in  fome  msafurc 
reverfed  ;  if  he  is  joined  to  the  negative  conduc- 
tor or  cufhion,  he  will  receive  a  fpark  from  a 
perfon  ftanding  dft  the  floor ;  but  if  he  com- 
municates with  the  pofitive  conduQor,  he  will 
give  the  fpark  to  the  perfon  on  the  ground. 

$.  By  causing  a  Current  of  the  Electkic 
Fluid  to  pass  from  one  Part  of  th* 
Body,  and  thus  confining  and  concen- 
trating it's  Operation  without  com-; 
Municating  the  Shock. 

R  r  Pkco 
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Place  the  patient  in  an  infulated  chair,  zA 
touch  one  part  of  the  body  with  a  diredtor,  join- 
cd  to  a  pofitive  conductor  ;  then  with  a  brafs 
ball  communicating  with  the  ground,  touch 
another  part,  and  when  the  machine  is  in  action 
the  fluid  will  pafs  through  the  required  pan, 
from  the  condudor  to  the  ball  *  the  force  of  the 
ftrcam  will  be  different  according  to  the  flrcngth 
of  the  machine,  &c.  Or  conned:  one  director 
with  the  cufhion  and  the  other  with  the  pofitive 
condudor,  and  apply  thefe  to  the  part  through 
which  the  fluid  is  to  pafs,  and  when  the  machine 
is  in  aftion  the  electricity  will  pals  from  one  bafi 
to  the  other.  It  is  not  ncceflary  to  infulare  the 
patient  in  this  cafe. 

6.  By  the  Shock. 

Which  may  be  given  to  any  part  of  the  human 
body,  by  introducing  that  pait  of  the  body  into 
the  circuit  which  is  made  between  the  outfide 
and  infide  of  the  bottle.  This  is  conveniently 
effected,  by  connecting  one  director  by  a  pieca 
of  wire  with  the  cletfrometer,  and  the  other 
with  the  outfide  of  the  bottle;  then  hold  the 
directors  by  their  glafs  handles,  and  apply  the 
balls  of  them  to  the  extremity  of  the  parts  through 

which 
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which  the  (hocks  arc  to  be  paffed.  The  force 
of  the  fhock,  as  we  have  already  obferved,  is 
augmented  or  diminifhed  by  increafing  or  leffen- 
ing  the  diftance  between  the  two  balls,  which 
muft  be  regulated  by  the  operator  to  the  ftrength 
and  fcnfibility  of  the  patient.  When  the  little 
bottle  with  the  glafs  tube  is  ufed  as  a  common 
bottle,  both  wjres  are  to  be  left  there,  and  the 
fhock  is  communicated  by  two  dire&ors,  one 
connected  with  the  bottom,  the  other  with  the 
top  by  means  of  the  eledrometer.  (See  the 
plate  facing  the  title-page  of  this  Eflay.)  The 
pperator  will  often  find  himfelf  embarrafled  in 
giving  fmall  (hocks,  the  fluid  palling  from  the 
conductor  to  the  ball  of  the  cledtrometer,  inftead 
of  going  through  the  circuits  he  dcfires  :  when 
this  happens,  which  may  be  known  by  the  chat- 
tering noife  of  the  fpark  in  palling  to  the  ele&ro- 
meter,  the  refiftanc£  formed  to  the  discharge  is 
fo  great,  that  thef  fluid  cannot  force  it's  way 
through  the  cirptiic ;  to  remedy  this,  and  leflen 
the  refiftance,  pafs  two  metallic  pins  through 
the  cloathing,  fo  that  they  may  be  in  contaft 
with  the  fkin,  which  will  leflen  the  rcfiftance  and 
pondudt  the  fluid. 
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7.   By  a  Sensation  betweeh  a  Shock  ajq 
the    Spark,   which   docs   not  com  una-. 

CATE  THAT  DISAGREEABLE    FeEJLING  ATTEKD- 
1NG  THE  COMMON  SHOCK. 

This  is  effected  by  taking  out  the  lopg  wire 
from  the  (mall  medical  bottle,  and  living  the 
(horter  one  which  is  conne&cd  with  the  tube  in 
it's  place,  the  dire&ors  to  be  connected  and  ufcd 
as  before.  In  leffening  this  vibratory  Chock  the 
electrometer  may  be  drawn  to  a  much  greater 
diftancc ;  for  the  rapidity  with  which  the  charge 
of  the  bottle  fends  forward  the  chajge  of  the 
tube,  isfufficicnt  to  overcoine  the  reliance  of  a 
Urge  body  of  air.  The  effed  of  this  fpecies  of 
{hock,  if  it  may  be  called  one,  is  to  produce  a 
great  vibration  in  the  mufcular  fibres,  without 
inducing  that  pungent  fenfation  which  the  /hock 
effefts.  It  is  therefore  applicable  to  fome  ftages 
ofpalfy  and  rheumatifm;  it  may  alfo  fervc  as 
jm  artificial  means  of  exercife, 

8.  By   the  Bottle  Director, 

Infulate  the  patient,  and  place  the  ball  g  in 
contact  with  him,  by  which  means  this  dircdor 

is 
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U  charged.  Now  if  a  wire  is  conveyed  from  the 
bottom  of  this  to  the  top  of  another  dire&or, 
the  bottle  direQor,  fig,  119,  plate  V.  will  be 
difcharged  whenever  the  ball  b  is  brought  in 
contadt  with  the  patient,  fo  that  by  bringing  it 
down  with  rapidity  any  number  of  fmall  fhock* 
may  be  procured  in  a  minute.  Or  connect  the 
infulated  patient  with  the  top  or  infide  of  a  large 
charged  jar,  and  then  this  apparatus  ufed  in  the 
foregoing  manner  will  difcharge,  from  the  large  jar 
at  each  fpark,  it's  own  contents,  and  by  repetition 
difcharge  the  whole  jar ;  thus  a  number  of  (hocks 
may  be  given  without  continually  turning  the 
machine,  or  employing  an  afliftant. 

9.  By  passing  the  whole  Fluid  contained 
in  the  Leyden  Phial  through  a  diseased 
Part  without  giving  the  Shock. 

Conned  a  dire&or,  by  means  of  a  wire,  with 
the  ball  of  a  Leyden  jar ;  charge  the  jar  either 
completely  or  partially,  and  then  apply  the  ball 
or  point  of  the  conductor  to  the  part  intended 
to  be  elecflrified,  and  the  fluid  which  was  con- 
denfed  in  the  phial  will  be  thrown  on  the  part 
in  a  denfe  flow  ftream,  attended  with  a  pungent 
(enfation,  which  produces  a  confiderable  degree 
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pf  warmth.  If  a  wire  that  communicates  with 
the  ground  is  placed  opppfitc  to  the  end  of  the 
dire&or,  the  pafiage  of  the  fluid  will  be  rendered 
more  rapid*  and  the  fenfation  flronger.  Or 
infulatc  the  patient,  conneQ  him  with  the  top  of 
ajar,  charge  this,  and  thei)  apply  a  metal  wire 
or  piece  of  wood  to  the  part  through  which  you 
mean  to  make  the  fluid  pafs.  It  is  obvious,  that 
jn  this  cafe  the  circuit  between  the  infide  and 
the  outfide  of  the  jar  is  not  completed,  therefore 
the  (hock  will  not  be  felt.  The  condenfed  fluid 
pafles  in  a  denfe  flow  ftream  through  the  required 
part,  while  the  outfide  acquires  a  fufficient 
quantity  from  fubftanccs  neap  it  to  reftorc  the 
equilibrium. 

It  is  in  all  cafes  mod  advifable  to  begin  with 
the  more  gentle  operations,  and  proceed  gra- 
dually to  increafe  the  force,  as  the  ftrength  and 
conftitution  of  the  patient,  or  the  nature  of  the 
diforder  requires.  The  ftream  from  a  wooden 
point,  a  wooden  ball,  or  brafs  point,  may  be 
firft  ufed ;  fparks,  if  neceffary,  may  then  be 
taken,  or  fmall  fhocks  given. 

In  rheumatic  cafes,  the  electric  friflion  is 
generally  ufed.  If  the  pains  are  local,  fmall 
fhocks  may  be  given.  To  relieve  the  tooth-ach, 
very  fmall  (hocks  mtf/  be  paflcd  through  the 
tooth  ;  or,  cover  the  part  affected  with  flannel, 

and 
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and  rub  it  with  a  director,  communicating  with 
the  machine. 

In  inflammations,  and  other  diforders  of  the 
eyes,  the  fluid  fhould  be  thrown  from  a  wooden 
point:  the  fenfatien  here  produced  is  that  of 
a  gentle  cooling  wind ;  but,  at  the  fame  time, 
it  generates  a  genial  warmth  in  the  part  affeded. 

In  palfies,  the  de&ric  friction  and  fmall  (hocks 
are  adminiflered.  Streams  of  the  fluid  fliould 
always  be  made  to  pais  through  the  affe&ed  part. 

The  only  treatife  we  have  yet  had  from  the 
Faculty,  on  the  fubjed  of  Medical  Ele&ricity, 
is  a  pamphlet  intitled,  "  Confiderations  on  the 
Efficacy  of  Eledricity  in  removing  Female  Ob* 
ftrudtions/'  by  Mr.  Birch;  to  whom  I  am 
indebted  for  a  variety  of  important  obfervatioas 
and  practical  remarks  on  the  different  branches 
of  electricity  ;  and  if  it's  merits  were  to  be  con* 
fined  to  this  difeafe  alone,  (in  which  it  may  be 
reckoned^  a  fpecific)  it  would  be  intitled  to  the 
attention  of  praditioners ;  but  we  have  rcafon  to 
expeft  much  more  from  it,  fince  the  prejudices 
of  the  Faculty  feem  removed,  and  the  pra&ace 
is  becoming  more  general  evexy  day. 

CHAP. 
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CHAP.    XVL 

MUCELLANBOUS    EXPERIMENTS    AND     OBSERVA- 
TIONS; 

THE  difpute  concerning  €ht  ptrfcwWr  otifitr 
rt  pojnoal  rw  taobbtfl  ctm&aBtWf*  fe-* 
curing  building*  from  lightning,  imifini  il  the 
Setting  up  a  more  magnificent  apparatus  than 
hid  ever  appeared  before.  An  ntemcnJe  conduce 
tor  waa  conftruded,  it  the  expeace  of  tbt 
Board  of  Ordnance,  and  fufpended  in  the  ftn- 
thton,  under  the  direction  of  Mr.  WiUbn.  It 
confifted  of  a  great  number  of  drums  covered 
with  tin-foil,  which  formed  a  cylinder  of  about 
155  feet  in  length,  and  more  than  16  inches  in 
diameter ,  and  to  this  vaft  conductor  were  oc- 
cafionally  added  '4800  yards  of  wire.  The  elec- 
tric blaft  from  this  machine  fired  gun-powder  in 
the  moft  unfavourable  circumftances,  namely, 
when  it  was  drawn  off  by  a  (harp  point.  The 
method  of  doing  it  was  as  follows:  upon  a  ftaff 
of  baked  wood  a  Item  of  brafs  was  fixed,  which 
terminated  in  an  iron  point  at  the  top ;  this  point 
was  put  into  the  end  of  a  fmall  tube  of  India- 
paper,  made  fbmewhat  in  the  form  of  a  car- 
tridge. 
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fridge,  about  an  inch  a*d  a  quarter  long,  and 
two  tenths  of  an  inch  in  diameter,  when  the 
partridge  was  filled  with  common  gun-powder 
unbruifed;  a  wire,  communicating  with  the 
earth,  was  then  fattened  to  the  bottom  of  the 
brafs  ftcm.  The  charge  of  the  great  cylinder 
being  continually  kept  up  by  the  motion  of  the 
wheel,  the  top  of  the  cartridge  was  brought 
very  near  the  drums,  fo  that  it  frequently 
touched  the  tin-foil  with  which  they  were 
covered.  In  this  fit  u  at  ion,  a  fmall,  faint,  lumi- 
nous ftream  was  frequently  obferved  between  the 
top  of  the  cartridge  and  the  metal.  Sometimes 
this  ftream  would  fet  fire  to  the  gun-powder  the 
moment  it  was  applied ;  at  others,  it  would 
require  half  a  minute  or  more  before  it  took 
effect  This  difference  in  time  was  fuppofed 
to  be  owing  to  fome  fmall  degree  of  moifture  in 
the  powder,  or  the  paper. 

Gun-powder  may  alfo  be  fired  by  a  ftream 
from  a  large  charged  Leyden  jar,  in  the  following 
manner : 

Experiment  ccxiv. — Fix  a  fmall  cartridge 
on  a  metallic  point,  which  is  fitted  to  a  wooden 
or  glafs  handle ;  make  a  communication  from 
the  wire  to  the  ground,  then  prefent  the  cartridge 
to  the  knob  of  the  phial,  and  the  gun-powder 
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will  be  fired  by  the  paflage  of  the  eleftrie  ftream 
through  die  cartridge.  Tinder,  or  touduwood, 
placed  in  a  metal  cup,  may  be  lighted  bjr  pdBng 
the  ftrcam  from  the  infide  of  the  jar  through 
them,  as  in  the  foregoing  experiment,  withnt 
completing  the  circuit. 

At  it  therefore  appears,  that  the  dedric  flukl 
when  it  moves  through  bodies,  either  with  great 
rapidity,  or  in  great  quantities,  will  fit  them  on 
fire,  it  is  fcarce  difputable,  that  this  fluid  is  th* 
fiune  with  the  dement  of  fire. 

Experiment  ccxv. — To  fire  the  finall  elec- 
trical cannon,  chaige  it  with  gun-powder  in  the 
ufual  manner,  then  fill  the  ivory  touch-hole  with 
gun-powder,  ram  it  well  down,  and  pirfh  die 
brafs  pin  down,  fo  that  the  end  of  it  may  be 
near  the  bottom  of  the  hole ;  make  a  communi- 
cation between  the  outfide  of  a  large  charged 
jar  or  battery  and  the  body  of  the  cannon,  by 
placing  one  end  of  the  difcharging  rod  on  the 
pin  which  partes  down  the  touch-hole,  and  bring 
the  other  end  to  the  knob  of  the  jar,  and  the 
difchargc  will  fire  the  powder. 

Experiment  ccxvi. — Fig.  89  is  a  perfpcAive 
view  of  the  powder-houfe ;  the  fide  of  the  roof 
aext  the  eye  being  omitted,  that  the  infide  may 
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be  more  conveniently  feen.  The  front  of  this 
model  is  fitted  up  like  the  thunder-houfe,  and 
is  ufed  in  the  fame  manner ;  the  fides  of  the 
houfe,  the  back,  and  fore -front,  are  joined  to  the 
bottom  by  hinges ;  the  roof  is  divided  into  two 
parts,  which  are  alfo  fattened  by  hinges  to  the 
fides ;  the  building  is  kept  together  by  a  ridge  on 
the  roof;  when  the  roof  is  blown  up,  it  will  fall 
down  with  the  fides,  the  back,  and  fore-front.  To 
ufe  this  model,  fill  the  fmall  tube  a  with  gun* 

m  powder,  and  ram  the  wire  c  a  fmall  way  in  the  tube, 
then  conned  the  hook  e  with  the  bottom  of  a  large 
jar  or  battery ;  when  the  jar  is  charged,  form  a 
communication  from  the  hook  d  to  the  top  of 
the  jar;  the  difcharge  will  fire  the  powder,  and 
the  explofion  of  the  gun -powder  will  throw  off 
the  roof,  and  the  fides,  the  fore  and  back  fronts 
will  then  all  fall  down. 

Fig.  90  reprefents  a  wooden  pyramid,  de- 
figned  to  fhew  the  experiments  which  are  made 
with  the  thunder-houfe,  and  is  ufed  in  the  fame 

,  manner.  When  the  piece  a  is  thrown  out  by 
the  difcharge,  the  upper  part  of  the  pyramid 
falls  down. 

Experiment  ccxvii. — Fix  the  ladle  I,  fig.  33, 
into  a  hole  at  the  end  of  the  condu&or.  Place 
4.  broad  piece  of  camphor  in  the  ladle,  fet  the 
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upper  fin-face  of  the  camphor  on  fire,  let  it  tana 
feme  time,  then  extinguifh  it,  and  pot  the  ma- 
chine in  a&ion ;  the  upper  furfcce  of  the  cam- 
phor will  throw  out  a  variety  of  fmall  foots, 
and  have  the  appearance  of  an  impeded  vegeta- 
tion, which  is  loon  difperfcd  in  the  air  if  the 
machine  is  continued  in  adion,  but  will  lift 
fome  time  if  the  electrization  is  flopped  as 
loon  as  the  (hooting  of  the  camphor  has  take* 
place. 

Experiment  ccxviii.— Wrap  fome  loofc  cot- 
ton, which  has  been  previoufly  railed  in  fine 
powder  of  yellow  refin,  round  one  of  the  bails 
of  a  difcharging  rod,  and  hold  the  otber  end 
to  the  outward  coating  of  a  chaiged  jar ;  then 
bring  the  knob  with  the  refin  towards  the  ball 
of  the  jar,  and  the  explofion  will  fire  the  refin, 
and  this  will  communicate  the  flame  to  the  cot- 
ton. 

Fig.  9 1  reprcfents  the  inflammable  air  lamp, 
invented  by  Mr.  Volta.  A  is  a  gfefs  globe  to 
contain  the  inflammable  air,  B  a  glafs  bafon,  or 
refcrvoir,  to  hold  water ;  D  is  a  cock,  which  is 
to  form  occafionallv  a  communication  between 

m 

the  refcrvoir  of  water  B,  and  that  of  air  A  ;  the 
water  paflcs  into  the  latter  through  the  metal 
pipe  ££,  which  is  fixed  to  the  upper  part  of  the 
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refervoir  A;  as  s  is  a  fmall  cock,  to  cut  off,  or 
open  a  communication  with,  the  air  m  the  ball, 
and  the  jet  K.  N  is  a  fmall  pipe  to  hold  a  piece 
pf  wax  taper,  L  a  brafs  pillar,  on  the  top  of 
which  is  a  brafs  ball ;  a  is  a  pillar  of  glafs,  fur- 
nifhed  at  top  with  a  focket ;  a  wire  b  Aides  in 
this  focket,  a  ball  is  fcrewed  on  to  the  end  of  the 
wire.  F  is  a  cock,  by  which  the  ball  A  is  filled 
with  inflammable  air,  and  which  afterwards 
ferves  to  confine  the  air  and  the  water  that  fails 
from  the  bafon  B  into  the  ball  A. 

To  ufe  this  inftrument,  after  having  filled 
the  refervoir  A  with  pure  inflammable  air,  and 
the  bafon  with  water,  turn  the  cocks  D  and  S, 
and  the  water  which  falls  from  the  bafon  B  will 
force  out  fome  of  the  inflammable  air,  and  caufe 
it  to  pafs  through  the  jet  K  into  the  air.  If  an 
ele&ric  fpark  is  made  to  pafs  from  the  brafs  ball 
m  to  the  braf3  ball  »,  the  inflammable  jet,  which 
paffes  through  the  pipe  K,  will  be  fired.  To 
extinguifh  the  lamp,  (hut  firft  the  cock  S,  and 
then  the  cock  D. 

To  fill  the  refervoir  A  a  with  inflammable  air, 
which  is  to  be  made  in  the  ufual  manner,  and 
with  the  ufual  apparatus,  having  previoufly  filled 
A  with  water,  place  the  foot  R  under  water,  on 
a  board  or  ftool  in  a  large  tub  of  water,  that  the 
bent  glafs  tube,  through  which  the  inflammable 

air 
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airpafTes,  may  pafs  commodioufly  under  the  Soot 
of  the  lamp;  when  the  air  has  nearly  driven  out 
all  the  water,  turn  the  cock  F»  and  the  apparatus 
is  ready  lor  ufe.  This  inftrument  is  convenient 
to  prcferve  a  quantity  of  inflammable  air  ready 
for  any  occalional  experiment;  as  chaining  the 
inflammable  air  piftol,  &c.  It  is  alfp  convenient 
to  light  a  candle  for  economical  purposes,  as 
the  fmalleft  (park  from  an  el&ftrophorus,  or  a 
final L  battle,  is  fufficient  to  (ire  the  air. 

A  fmall  battery  of  inflammable  air  piftols  is 
occafionally  made,  that  affords  confidence 
amufement ;  as  either  one  piftol,  or  the  whole 
together,  may  be  fired  at  thp  pleafuig  of  the 
operator. 

The  following  experiment  was  made  by  Mr. 
Kinnerfly  with  his  eledlrical  thermometer,  which 
is  defcribed  in  page  48  of  this  Eflay. 

Experiment  ccxix. — Having  put  foroe  tinr 
gcd  water  into  the  large  tube,  he  placed  the  two 
wires  within  the  tube  in  contad,  and  paffed  a 
large  charge  of  electricity  from  above  thirty 
Iquare  feet  of  coated  glafs,  which  produced  no 
rarefaction  in  the  air,  and  (hewed  that  the  wires 
were  not  heated  by  the  fire  paffing  through 
them.  When  the  wires  were  about  two  inches 
afunder,  the  charge  of  a  three-pint  bottle,  danr 
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ing  from  one  to  the  other,  rarefied  the  air  very 
evidently.  The  charge  of  a  jar,  which  contained 
about  five  gallons  and  a  half,  darting  from  wire 
to  wire,  occafioncd  a  very  confiderable  expan~* 
fion  in  the  air ;  and  the  charge  of  a  battery  of 
thirty  fquare  feet  of  coated  glafs  would  raife  the 
water  in  the  fmall  tube  quite  to  the  top :  upon 
the  coalefcing  of  the  air,  the  column  of  water 
inftantly  fubfided,  till  it  was  in  equilibrio  with 
the  rarefied  air;  then  gradually  defcending 
as  the  air  cooled,  fettled  where  it  flood  before. 
By  carefully  obferving  at  what  height  thedc- 
fcending  water  firft  (lopped,  the  degree  of  rare* 
faction  might  be  eafily  di {covered. 

1 

Experiment  cexx. — Take  a  glafs  tube,  about 
four  inches  long,  one  quarter  of  an  inch  in  dia- 
meter, and  open  at  both  ends;  moiften  the  in- 
lide  of  the  tube  with  oil  of  tartar  per  deliquium, 
then  fix  two  pieces  of  cork  into  the  ends  of  the 
tube,  and  pafs  a  wire  through  each  cork,  fo  that 
the  ends  of  the  wires  which  are  within  the  tube 
may  be  about  three  quarters  of  an  inch  afunder. 
Conned  one  wire  with  the  out  fide  coating  of  a 
large  jar,  and  form  a  communication  from  the 
other  to  the  ball  of  the  jar#  fo  as  to  pafs  the  diC. 
charge  through  the  tube;   repeat  this  feveial 

times, 
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limes,  and  the  oil  of  tartar  will  very  often  give 
manifert  figns  of  cryftalization.• 

*  Experiment  ccxxi. — Chargea  Lcyden  phial, 
(the  top  of  which  is  cemented  into  the  bottle) 
place  it  upon  an  infuhucd  (land,  and  then  tike 
hold  of  it  by  the  ball,  and  prefer*  the  coaled 
furfacc  towards  the  condenfing  ball  of  a  prime 
conductor  while  the  cylinder  is  charging,  and 
a  large  bruih  and  fpark  will  pafs  between  the 
coating  of  the  bottle  and  the  ball  of  the  con- 
ductor, from  four  to  twelve  inches  and  upward) 
in  length. 

Experiment  reran. — Take  fomc  of  the  pow- 
der of  Canton's  phofphorus,  and  by  means  of  a 
little  fpirit  of  wine,  (lick  it  all  over  the  infide 
of  a  clean  glafs  phial,  then  flop  the  bottle,  and 
keep  it  from  the  light.  To  illuminate  this 
phofphorus,  draw  fevcral  ftrong  (parks  from  the 
conductor,  keeping  the  phial  about  two  or  three 
inches  from  the  fparks,  fo  that  it  may  be,  ex- 
pofed  to  their  light;  the  phial  will  afterwards 
appear  luminous,  and  remain  lb  for  a  conlider- 
able  time. 

ExPERJMipT 
*  Cavallo  on  Medical  Eleftrkity,  p,  117, 


Experiment  ccxxiii. — Cutout  in  pafteboafd, 
or  foft  wood,  the  figure  of  a  crefcent  or  any  of 
the  planets ;  cover  this  equally  with  the  white 
of  an  egg  beat  up  till  it  is  quite  fmooth,  oveJr 
which  fift  the  phofphorus  through  a  fine  lawn 
fieve,  then  let  it  dry,  and  blow  off  all  that  is 
not  fixed  by  the  egg.  To  make  the  experi- 
ment, place  the  objedt  in  the  communication 
between  two  dire&ors,  and  difcharge  the  jar, 
when  the  whole  will  become  beautifully  lumi- 
nous ;  care  mud  however  be  taken  to  hold  the 
directors  at  a  little  diftance  above  the  phof- 
phorus, for  if  it  paflc3  through  it,  the  whole 
of  the  powder  in  the  track  of  the  fluid  will  be 
torn  off. 

Place  a  fmall  key  on  the  phofphorus,  and  dif- 
charge a  Leyden  phial  over  the  phofphorus,  and 
then  throw  the  key  off  from  it,  and  whpn  it  is 
exhibited  in  the  dark,  the  form  of  the  key  and 
all  it's  wards  will  be  perfectly  feen. 

As  the  experiments  on  phofphorus  are  in 
themfelves  exceedingly  curious,  and  appear  to 
me  to  be  intimately  connected  with  the  nature 
of  ele&ricity,  I  hope  I  fhall  not  be  thought  tox 
have  deviated  too  far  from  the  fubjeft  of  this 
Eflay,  by»introducing  fome  experiments  of  Mr. 
Wilfon  on  this  fubjeft ;  the  more  fo,  as  the  pro^ 
ducing  the  prifmatic  colours  is  by  no  means  dif- 
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ficult,  at  little  more  is  required  than  a  if 
oy  !l  cr-Oir!  I.*,  and  a  good  ii  re  of  any  kind.  For, 
if  thofc  ihells  are  thrown  carelcfsly  inro  the  mid- 
dle of  the  fire,  and  continued  there  for  a  proper 
time,  (which  may  be  for  ten  minutes,  a  quarter, 
half,  or  three  quarters  of  an  hour,  according  w 
the  thicknefs  and  coinpacinefs  of  the  (heffa,  and 
the  degree  of  fire  they  arc  cxpofed  to)  thcywdl- 
exhibit  lively  prifmatic  colours,  after  they  are 
removed  from  the  fun  into  rhc  dark  fuddenly, 
and  the  eyes  have  bren  previoufly  prepared  a 
little  to  receive  them.  Mr.  Wiifon  excited  a!fo 
the  light  of  tbcfe  ihells  with  elcclriciry  in  the 
following  manner. 

F-xperiment  ccxxiv. — He  placed  upon  a  me- 
tal (land,  which  was  rounded  at  top,  and  about 
half  an  inch  in  diameter,  a  prepared  (hell,  that 
would  exhibit  the  prifmatic  colours  very  lively 
on  the  upper  furface  of  thu  (hell,  and  near  the 
middle,  where  the  colour-making  parts  predo- 
minated, be  brought  the  end  of  a  metal  rod,  and 
then  connected  the  two  meals  properly  with  the 
coatings  of  a  charged  phial,  in  order  to  difcharge 
the  fluid.  In  this  circuit  there  was  left,  defign- 
edly,  an  interval  of  about  three  inches,  unoccu* 
pied  by  metal,  and  next  one  tide  of  the  glafs  ; 
the  difcharge  was  made  by  completing  the  cir- 
cuit 
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cuit  with  metal  where  the  interval  was  left.  The 
ihell,  at  that  inftant,  was  lighted  up  to  an  ex- 
ceeding great  advantage,  fo  that  all  the  colours 
appeared  perfectly  diftindt,  and  in  their  refpec- 
tive  places,  anfwering  to  their  different  colour- 
making  parts.  Thefe  colours  continued  vifible 
fevcral  minutes,  and  when  they  ceafed  to  appear, 
a  white  purplifh  light  occupied  their  places, 
which  lafted  for  a  confiderable  time.  And  not- 
withftanding  this  experiment  was  repeated  with 
the  fame  and  other  (hells,  the  colours  continued 
in  their  refpeftive  places,  and  nearly  of  the  fame 
degree  of  brilliancy ;  excepting,  that  in  or  near 
thofe  parts  where  the  explolion  took  place  a  few 
fcales  were  driven  off. 

Experiment  ccxxv. — .Which  proves,  that 
bodies  of  the  fame  nature,  .but  of  different  vo- 
lumes and  different  maffes,  are  charged  with 
ele&rical  matter  only  in  proportion  to  their  fur- 
face,  without  any  influence  or  concurrence  of 
their  mafles  in  this  cafe. 

The  following  experiment,  which  we  fhall 
give  in  Mr.  Achard's  own  words,  feems  to  de- 
cide thisqueftion,  on  which  philofophers  have 
entertained  very  different  opinions. 

I  ele&rified  (fays  he)  a  cylindrical,  hollow 
brafs  conductor,  feven  inches  long,  and  one  and 

Ttj  a  half 
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t  half  in  diameter:  when  it  hid  acquiipd  fay 
degrees  of  eledbricity,  1  drew  ftom  it  a  (par^ 
with  a  coqduQor  of  hollow  brafs,  of  feveniocta 
long,  and  one  and  a  half  in  diameter,  whids 
weighed  eight  ounces,  and  waa  carefully  info* 
laced*    The  firft  cpnduQor  loft  fifteen  degrees 
of  it's  electricity.    I  repeated  the  fame  experi- 
ment, when  the  condu&or  had  thirty  degrees 
of  electricity,  mid  then  it  loft  {eq  digress.    Fi- 
nally, when  the  conductor  had  twenty  degrees 
of  eledhicity,  it  toft  only  feven  by  it's  inftan- 
ftneous  conta&  with  the  lame  cylinder.    After 
having  filled  this  cylinder  witji  lad,  which  piOr 
duced  an  addition  of  five  pounds  to  it's  weighty 
and  confequcntly  to  it's  maf«,  I  repeated  the 
fame  experiments,  and  obtained  ftom  them  the 
very  fame  refults. 

This  is  followed  by  other  experiments,  which 
are  a  further  confirmation  of  Mr.  Achard's 
opinion. 

Thcfe  experiments  (hew,  ift,  That  bodies  of 
an  equal  furface,  but  different  iq  mafs,  when 
they  are  placed  in  the  fame  circumftances,  are 
charged  with  an  equal  quantity  of  eledbrical  mat- 
ter; and  3dly,  That  bodies  equal  in  mafs,  but 
different  in  extent  of  furface,  when  they  are 
placed  in  fimilar  circumftances,  are  charged 
With  an  unequal  quantity  of  eledrical  matter* 

and 
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$nd  that  the  body,  whofe  fur  face  is  larger,  re- 
ceives  more  than  that  whofe  fur  face  is  lefst 
Therefore,  it  is  in  proportion  to  their  furfaces, 
and  not  to  their  mafs,  that  bodies  are  charged 
with  a  greater  or  lefs  quantity  of  the  eledrica} 
fluid. 

Before  thefe  experiments  were  made,  it  had 
been  obferved,  that  the  extreme  fubtility,  and, 
in  moft  cafes,  invifibility  of  the  eledtric  fluid, 
render  all  reafoning  about  it's  motion  preca- 
rious. It  is  however  incredible,  that  this  fluid, 
ihould  pals  through  the  very  fubftance  of  me, 
tallic  bodies,  and  not  be  retarded  by  their  folid 
particles.  In  thofe  cafes,  where  the  folid  parts  of 
metals  are  evidently  penetrated,  i.  e.  when  wires 
are  exploded,  there  is  a  manifeft  refiftancc,  for 
the  parts  of  the  wire  are  fcattered  about  with 
violence  in  all  directions. 

The  like  happened  in  Dr.  Prieftley's  circles, 
made  on  fmooth  pieces  of  metal.  Part  of  the 
metal  was  alfo  difperfed  and  thrown  off,  for  the 
circular  fpots  were  compofed  of  little  cavities. 
If  therefore  the  fluid  was  difperfed  throughout 
the  fubftance,  and  not  over  the  furface  of  the 
metal,  it  is  plain,  that  a  wire,  whofe  diameter 
is  equal  to  one  of  thofe  circular  fpots,  ought  alfo 
to  have  been  deftroyed  by  an  exploGon  of  equal 
ftrength  fent  through  it ;  whereas  a  wire,  whofe 

diameter 
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diameter  is  equal  to  one  of  thofc  fpots,  would 
without  injury  conduct  a  fhock  much  greater  than 
any  battery  hiiherto  contlrucled  could  give  It 
is  moll  probable,  therefore,  that  though  violent 
Jblhcs  of  dc&ricitv,  which  act  alfo  as  fire,  will 
enter  into  the  fubltancc  of  metals  and  confume 
them,  yctit  immediately  difperlcs  iifelf  over  their 
furface,  without  entering  their  fubftance  any 
more,  till  being  forced  to  collect  itfdf  into  a 
narrow  cotupafi,  it  again  acts  as  fire. 

In  many  cafes  the  electric  Huid  will  be  con- 
ducted very  well  by  metals  reduced  loamere 
furface.  A  piece  of  v>  bite  paper  will  not  con- 
duct a  (hock,  without  being  torn  to  pieces,  as 
it  is  an  electric  fubfUncc  ;  but  a  line  drawn  on  it 
with  a  black  lead  pencil  will  fafcly  convey  the 
charge  of  fcvcral  jars.  It  is  impotfible  we  can 
think,  that  the  fire  here  pafies  through  the 
substance  or  the  black  lead  ftroke  t  it  muft  run 
over  it's  furface ;  and  if  we  conlider  fome  of 
the  properties  of  metals,  we  {hall  find  that  there 
k  great  reafon  to  fuppofe,  that  their  conducting 
power  lies  in  their  furface. 

Fig.  92  reprefents  a  fmali  gla.(s  tube,  flopped 
it  one  end  with  a  piece  of  cork;  k  is  a  wire 
which  pafles  through  a  piece  of  cork,  fitted  into 
the  other  end  of  the  tube  ;  the  upper  part  of  the 
wire  is  fumifhed  with  a  brafs  ball ;  the  end  of 
the 
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the  wire  within  the  tube  is  bent  at  right  angles 
to  the  reft  of  the  wire. 


Experiment  ccxxvi. — Take  out  the  upper 
cork  and  wire;  pour  fome  fallad  oil  into  this 
tube,  and  then  fit  in  the  cork,  and  pulh  down 
the  wire,  fo  that  the  end  of  it  may  be  near  or 
rather  below  the  furface  of  the  oil ;  prefent 
the  ball  towards  a  prime  condud or,  holding  the 
finger  or  any  other  non-condudor  oppolke 
the  bent  end  of  the  wire,  and  when  a  fpark 
partes  from  the  conductor  to  the  brafs  ball, 
another  will  pafs  from  the  end  of  the  wire, 
and  perforate  the  glafs ;  the  oil  will  be  curioufl/ 
agitated. 

This  experiment  appears  more  beautiful  whea 
it  is  made  in  the  dark.  After  the  firll  hole  is 
made,  turn  the  end  of  the  wire  round  towards 
another  part  of  the  glafs  tube,  and  a  fecond  hole 
may  be  made  in  the  fame  manner.  This  experi- 
ment was  communicated  to  me  by  the  Rev.  Mr. 
Morgan,  of  Norwich,  who  has  carried  it  much 
farther,  by  filling  fmall  bottles  with  cement,  and 
then  palling  the  (hock  in  a  fimilar  mode  through 
them.  The  perforation  may  be  made  with  water 
in  the  tube  inftead  of  oil. 

Mr.  Luilen  produces  very  confiderable  eifeSs 

by  palling  the  Ihock  through  wires  that  were 

£  •  %  infexted 
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infcrted  in  tube*  filled  with  oil.  The  fpark 
■ppears  larger  in  it's  paflage  through  oil,  than 
when  it  paiTes  through  water. 

Mr.  Vilette  filled  adifh  of  metal  with  oil,  and 
when  he  had  electrified  the  difh,  he  plunged 
a  needle  into  the  oil,  and  received  a  very  ftrong 
fpark  as  foon  as  the  point  of  it  came  within  a 
(mall  diftance  of  the  difh.  A  frrall  cork  ball 
being  made  to  fwim  in  this  oil,  upon  the  ap- 
proach of  the  thick  end  of  the  ftalk  of  a  lime, 
it  plunged  10  the  bottom,  and  immediately  rofe 
up  again. 

Analogous  to  this  experiment  of  Mr.  Morgan 
arc  Ibmc  obfervations  of  Dr.  Prieflley,  who 
conftamly  found,  that  whenever  he  had  covered 
the  fractured  place  of  a  jar  with  any  kind  of 
cement  or  vxrntfh,  it  always  broke  at  the  place 
where  the  cement  terminated ;  there  the  glafs  was 
perforated,  and  a  new  fracture  was  made,  which 
had  no  communication  with  the  former.  The 
jar  always  broke  at  the  firft  charge,  generally 
before  it  had  received  half  it's  charge.  Struck 
with  this  phenomenon,  the  Doctor  proceeded  to 
try  the  experiment  on  a  jar  which  was  not  broken, 
and  whofe  ftrength  he  had  previoufly  afcertained 
by  repeated  difcharges :  he  took  off  a  little  of 
the  out  fide  coating,  and  put  on  the  glafs  a  patch 
of  cement,  about  an  inch  in  diameter,  then 
drawing 
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drawing  tke  coating  over  ft,  he  charged  thejarV 
but  before  it  had  received  half  it's  charge,  it 
burft  by  a  fyontaneous  explofiorc,  not  indeed  ail 
the  termination,  but  at  the  middle  of  the  patch 
of  cttmerit,  where  the  glafs  was  thinned.  He 
covered  another  entirely  with,  cement,  and  it 
broke  near  the  bottom,  where  the  glafs  is  gene- 
rally thickeft.  A  jar  that  was  covered  entirely 
both  iftfide  and  outfide  with  cement,  and  then 
coated  with  tin-foil,  burft  at  the  Very  firlf 
attempt  to  charge  it. 

Experiment  ccxxvri.*~-The  magic  pidtureij 
a  coAf  ed  parte  of  glafs,  proper  to  arifwer  thi 
purpofe  of  the  Leyden  experiment;  over  the 
coating  on  one  fide  is  pafted  a  pidlure,  on  the 
other  fide  a  piece  of  white  paper  is  pafted,  fo  as 
W  cover  the  whole  glafs ;  it  is  then  put  into  a 
frame,  with  the  pifture  uppermoft,  arid  4 
communication  is  formed  from  the  tin-foil  of  thd 
under  fide  to  the  bottom  rait  of  the  frame  of  thi 
pi&ure,  which  rail  is  covered  with  tin-foil. 

Lay  the  pidure  on  the  table,  with  the  print 
uppermoft,  and  a  piece  of  money  on  it ;  let  £ 
chain  fall  from  the  conductor  to  the  print,  turt 
the  cylinder,  and  the  plate  of  glafs  will  foon 
be  charged ;  now  take  hold  of  the  pi<Sture  bf 
the .  top  rail,  and  let  another  perfon  take  hold 

Uu  of 
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of  the  bottom  rail,  and  endeavour  to  take  off  the 
piece  of  money  ;  in  doing  this  they  will  receive 
a  (hock,  and  generally  fail  in  the  attempt. 

Experiment  ccxxviii.— Put  a  quantity  of 
brafs  durt  into  a  coated  jar,  and  when  it  is  charged 
invert  it,  and  throw  foracof  the  duft  out,  which 
will  be  fpread  in  an  equable  and  uniform  manner 
on  any  flat  furfacc,  and  fall  juft  like  rain  or  fnow. 
May  it  not  be  queftioned,  fays  an  ingenious 
writer,  whether  water,  falling  from  the  higheft 
region  of  the  clouded  atmofphere,  would  not 
meet  the  earth  in  much  larger  drops,  or  in 
cataracts,  if  the  coalcfcing  power  of  the  drops 
was  not  counteracted  by  their  eleQric  atmo- 
fphcres  ? 

Experiment  cexxix. — Place  a  piece  of  fmok- 
ing  wax-taper  on  the  prime  conductor  j  turn  the 
cylinder ;  the  volume  of  fmoke  will  become 
more  contracted,  and  it's  motion  upward  ac- 
celerated. Take  oft'  the  electricity  of  the  con- 
ductor, and  fufpend  a  pair  of  pith  balk  over  it, 
and  about  five  feet  diftance  from  it,  turn  the 
machine,  and  in  a  few  feconds  the  balls  will 
open  half  an  inch :  remove  the  taper*  and  the 
balls  will  not  feparate. 

This 
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TKis  experiment,   therefore,  clearly  evinces, 
that  fmoke  is  a  condu&or  of  eleftricity. 

Experiment  ccxxx. — Take  a  round  board, 
well  varnifhed,  and  lay  on  it  a  chain  in  a  fpiral 
form ;  let  the  interior  end  of  the  chain  pafs 
through  the  board,  and  connect  it  with  the 
coating  of  a  large  jar ;  fix  the  exterior  end  to  a 
discharging  rod,  and  then  difcharge  the  jar  r  a 
beautiful  fpark  will  be  feen  at  every  link  of  the 
chain.  The  illuminations  to  be  produced  by  a 
chain  are  capable  of  an  infinite  variety  of  modi- 
fications. 


Experiment  ccxxxi. — Place  fpots  of  tin-foil 
at  equal  diftances  from  each  orher,  on  a  piece  of 
bent  glafs,  and  let  the  ends  of  the  glafe  be  fur- 
nifhed  withbrafs  balls,  and  a  glafs  handle  be  fixed 
to  the  middle  of  the  bent  glafs.  The  inftrument 
will  ferve  as  a  difcharger,  and  at  the  fame  time 
exhibit,  at  each  feparation  pf  the  tin-foil,  the 
eledtric  light. 

I  made  feveral  of  thefe  luminous  difcharging 
rods,  many  years  fince,  in  order  to  fhew,  that 
the  ele&ric  fluid  iffues  from  the  negative  and 
pofitive  coating  of  each  difcharge,  agreeable  to 
the  idea  conveyed  by  Mr.  Atwood's  experiments ; 
fee  Expf  12Q,  1 2if  122,  of  this  Effay.    Bat  I 

V  uz  foon 
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foon  found,  that  the  circuit  of  adikharging  rod 
was  not  fufTiCitmly  cxtcniivc  for  the  purpose. 

KlWHUW'T  ccxxxii.— -Fig.  gS  rcprefents 
fcvcral  fpiral  tubes,  placed  round  a  board ;  a 
glaf>  piilar  is  fixed  to  the  board,  and  on  this 
pillar  is  cemented  A  metal  cap,  carrying  a  .mall 
ficcl  point ;  a  braii  wire,  furnifhed  with  a  ball 
at  each  end,  and  nicely  ballanccd,  is  placed  on 
this  point:  place  the  middle  of  this  wire  under 
a  bail  proceeding  from  the  conductor,  fo  that  it 
may  receive  a  continued  fpark  from  the  ball,  then 
give  the  wire  a  rotative  motion,  and  the  balls 
in  revolving  will  give  a  fpark  to  each  ball  of  the 
fpiral  tube,  which  will  be  communicated  from 
thence  to  the  board  j  forming,  from  the  bril- 
liancy ol  the  light  and  it's  rapid' motion,  a  very 
pleating  experiment. 

All  thefe  experiments  on  the  interrupted  fpark 
may  be  pleafingly  and  beautifully  varied,  and  the 
fpark  made  to  appear  of  different  colours,  at  the. 
pleafurc  of  the  operator. 

Experiment  ccxxxin.—rSufpend  a  light  cork 
ball,  which  is  covered  over  with  tin-foil  or  gold-* 
leaf,  by  a  pretty  long  filk  thread,  fo  as  juft  tq 
pHich  the  knob  of  a  charged  jar  placed  on  a  table  j 
jt  /will  be  firft  attracted  and  then  repelled  to 
fomc 
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(bait  diftance,  where,  after  a  few  vibrations,  it 
will  remain  at  reft.  If  a  lighted  candle  is  now 
placed  at  fome  diftance  behind  it,  fo  that  the 
flame  of  the  candle  may  be  nearly  as  high  as  the 
Knob  of  the  phial,  the  cork  will  inftantly  be 
agitated,  and,  after  fome  irregular  motions,  will 
defcribe  a  curve  round  the  knob  of  the  phial,  and 
this  it  will  continue  to  do  for  fome  time. 

Fig.  96  and  97  reprefent  an  cledxometer, 
nearly  fimilar  to  that  contrived  by  Mr.  Brooke* 
The  two  inftruments  are  fometimes  combined 
in  one,  or  ufed  feparately,  as  in  thefe  figures. 
The  arms  F  H  f  k,  fig.  97,  when  in  ufe,  are 
to  be  placed  as  much  as  poflible  out  of  the  atmo* 
fphere  of  a  jar,  battery,  prime  conductor,  &c» 
The  arm  F  H  and  the  ball  K  are  made  of  copper, 
and  as  light  as  poffible.  The  divifions  on  the 
arm  F  H  are  each  of  them  exadtly  a  grain.  They 
are  afcertained  a(  firft  by  placing  grain  weights 
on  a  brafs  ball  which  is  within  the  ball  L,  (this 
ball  is  an  exadfc  counterbal lance  to  the  arm  F  H 
and  the  ball  K  when  the  fmall  Aide  r  is  at  the 
firft  divifion)  and  then  removing  the  Aide  r  till 
it,  together  with  the  ball  K,  counterballances  the 
ball  L  and  the  weight  laid  on  it. 

A,  fig.  69,  is  a  dial-plate,  divided  into  90 
equal  parts.  The  index  of  this  plate  is  carried 
pnee  found,    when    the   arm  B  C  has  moved 

through 
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ihnrrgh  9^  degrees,  or  t  quarter  of  a  circle. 
That  motion  is  given  to  the  index  by  the  repul- 
five power  of  the  charge  acting  between  the  ball 
Dand  the  ball  B.* 

The  arm  B  C  being  repelled,  (hews  when 
the  charge  B  incrcafmg,  and  the  arm  1-  H  (hews 
what  this  repulfive  power  is  between  two  balls  of 
this  fize  in  grains,  according  to  the  number  the 
weight  rcfts  at  when  lifted  up  by  the  repulfive 
power  of  the  charge  :  at  the  fame  time  the  arm 
BC  points  out  the  number  of  degrees  to  which 
ihc  ball  B  is  repelled  ;  fo  that  by  repeated  trial?, 
the  number  of  degrees,  anfwering  to  a  given 
number  of  grains,  may  be  afcertained,  and  a 
table  formed  from  thefc  experiments,  by  which 
means  the  electrometer,  fig.  o6,  may  be  ufed 
without  that  oFfig.  97. 

Mr.  Brooke  thinks  that  no  glafs,  charged  (as 
we  call  it)  with  electricity,  will  bear  a  greater 
force,  than  that  whofe  repulfive  power,  between 
two  balls  of  the  fize  he  ufed,  is  equal  to  ftxty 
grains  ;  that  in  very  few  inftances  it  will  ftand 
fixty  grains  weight :  and  he  thinks  it  hazardous 
to  go  more  than  forty-five  grains. 

Hence,  by  knowing  the    quantity  of  coated 

furface,  and  the  diameter  of  the  balls,  we  may 

be  enabled  to  fay,  fo  much  coated  furface,  with 

arepulfion 

•  Pliil.  TranC  vol.  $2,  p.  384. 


Electricity.  ggt 

a  repulfion  between  balls  of  Co  many  grains,  will 
melt  a  wire  of  fuch  a  fize,  or  kill  fuch  an  animal* 
&c  "        * 

Mr.  Brooke  thinks,  that  he  is  not  acquainted 
with  all  the  advantages  of  this  ele&rometer; 
but  that  it  is  clear,  it  fpeaks  a  language  which 
may  be  univerfally  underftood,  which  no  other 
will  do;  for  though  other  ele&rometers  wIH 
(hew  whether  a  charge  is  greater  or  lefs,  by  an 
index  being  repelled  to  greater  or  fmaller  dt€* 
tances,  or  by  the  charge  exploding  at  different 
difynces,  yet  the  power  of  the  charge  is1>y  no 
means  afcertained  :  but  this  ele<5trometer  fhewi 
the  force  of  the  repulfive  power  in  grains ;  and 
the  accuracy  of  the  inftrument  is  eafily  proved, 
by  placing  the  weights  on  the  interna!  ball,  and 
feeing  that  they  coincide  with  the  diviOons  on 
the  arm  F  H,  when  the  Aide  is  removed  to 
them. 

Mr.  Achard  has  (hewn  clearly,  that  if  the 
fcale  of  an  eledtrometer  is  divided  into  equal 
parts,  (degrees  for  example)  the  angle  at  which 
the  index  is  held  fufpended  by  the  ele&ric  repul- 
fion will  not  be  a  true  meafure  of  the  repulfive 
force ;  to  eftimate  which  truly,  he  demonlhates 
that  the  arc  of  the  eledtrometer  (hould  be  divided 
according  to  a  fcale  of  arcs,  the  tangents  of  which 
are  in  arithmetical  progreffion. 

5  Observations 
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Observations   and   Experiments    made    ir 
Dr.  Priestley    on   the  Effects  of  Elk- 

jaiCITY  ON   DIFFERENT  ELASTIC  FLUIDS. 

Experiment  ccxxiv. — To  chaise  the  blue 
colour  of  liquors,  tinged  with  vegetable  juices, 
red.  The  apparatus  for  this  purpofe  is  feen  in 
fig.  94.  A  B  is  a  glafs  tube,  about  four  or  five 
inches  long,  and  one  or  two  tenths  of  an  inch 
diameter  in  the  infide  ;  a  piece  of  wire  is  put  into 
one  end  of  the  tube,  and  fixed  there  with  cement  j 
a  brafs  ball  is  placed  on  the  top  of  this  wire  ;  the 
lower  part  of  the  tube  from  a  is  to  be.  filled  with 
water,  tinged  blue  with  a  piece  of  turnfolc  or 
archal.  This  is  eafily  effected,  by  fctting  the 
tube  in  a  veflel  of  the  tinged  water,  then  placing 
it  under  a  receiver  on  the  plate  of  the  air-pump; 
cxhauft  the  receiver  in  part,  and  then,  on  letting 
in  the  air,  the  tinged  liquor  will  rile  in  the  tube, 
and  the  elevation  will  be  in  proportion  to  tbe 
accuracy  of  the  vacuum ;  now, take  the  tube  and 
veflel  from  under  the  receiver,  and  throw  ftroog 
fparks  on  the  brafs  ball  from  the  prime  conduo 
tor. 

When   Dr.  Prieftley  made  this  experiment, 

he  perceived,  that  after  the  elc&ric  fparic  had 

been 
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bten  taken,  between  the  wire  b  and  the  liquor 
at  a,  about  a  minute,  the  upper  part  of  it  bcgari 
to  look  red ;  in  two  minutes  it  was  manifcftly  fo, 
and  the  red  part  did  not  readily  mix  with  the 
liquor*  If  the  tube  was  inclined  when  the  fparks 
Were  taken,  the  rednefs  extended  twice  as  far  on 
the  lower  fide  as  on  the  upper.  In  proportion  as 
the  liquor  became  red,  it  advanced  nearer  to  the 
Wire,  fo  that  the  air  in  which  the  fparks  were 
taken  was  diminifhed ;  the  diameter  amounted; 
to  about  one  fifth  of  the  whole  fpace ;  after  which, 
d  continuance  of  the  ele&rification  produced  no 
fenfible  effeft. 

To  determine,  whether  the  caufc  of  the 
change  of  colour  was  in  the  air,  or  in  thcelcdtric 
matter,  Dt.  Prieftley  expanded  the  air  in  the 
tube,  by  means  of  an  air-pump,  till  it  expelled 
all  the  liquor,  and  admitted  frefh  blue  liquor  in 
it's  place ;  but  after  this,  eleftricity  produced  no 
fenfible  effeft  on  the  air  or  on  the  liquor  j  fo 
that  it  was  clear,  that  the  ele&ric  matter  had 
flifcompofed  the  air,  and  made  it  depofit  fome~ 
flung  of  an  acid  nature.  The  refult  was  the  fame 
with '  wires  of  different  metals.  It  was  alfo  the 
fame  when,  by  means  of  a  bent  tube,  the  fpark 
Was  made  to  pafs  from  the  liquor  in  one  leg,  to 
the  liquor  in  the  other.  The  air  thus  diminifhed 
was  in  the  higheft  degree  noxious. 

Ww  In 
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In  pafiing  the  decbric  fpark  through  diSdat 
daftic  fluids,  it  appears  of  dincrent  colours.  In 
fixed  air,  the  fpark  is  very  white  ;  in  inflammable 
and  alkaline  air,  it  appears  of  a  purple  or  red 
colour.  Fran  hence  we  may  infer,  that  the 
conducting  power  of  thefe  airs  u  different,  and 
that  fixed  air  is  a  more  perfect  aon-tonduclor 
than  inflammable  air. 

The  fpark  was  not  vifibic  in  air  from  a  cauftic 

',  alkali,  made  by  Mr.  Lane,  nor  in  air  from  fpirit 

of  fait ;  lb  that  they  fcem  to  be  more  perfect 

conductors  of  electricity   than   water,  or  other 

fluid  fublUnccs. 

The  electric  fpark,  taken  in  any  kind  of  oil, 
produces  inflammable  air.  Dr.  Prieftley  tried 
it  with  ether,  oil  of  olives,  oil  of  turpentine, 
and  effential  oil  of  mint,  raking  the  electric 
(park  in  them  without  any  air  to  begin  with ; 
inflammable  air  was  produced  in  them  all. 

Dr.  Prieftley  found,  that  on  taking  a  fmall 
electric  explofion  for  an  hour,  in  the  fpace  of 
an  inch  of  fixed  air,  confined  in  a  glafs  tube 
one  tenth  of  an  inch  diameter,  when  water  was 
admitted  to  it,  only  one  fourth  of  the  air  wai 
imbibed.  Probably  the  whole  would  have  been 
rendered  immifcible  in  water,  if  the  electrical 
operation  had  been  continued  a  fuflkient  time. 
5  The 
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The  ckQric  fpark,  when- taken  in  alkaline  air, 
appears  of  a  red  colour;  the  electric  explofions, 
which  pafs  through  this  air,  jncreafe  it's  bulk  j 
fo  that,  by  making  about  200  explofions,  in  a 
quantity  of  it,  the  original  quantity  will  be  (bme* 
times  increafed  one  fourth.  If  water  is  admitted 
to  this  air,  it  will  abforb  the  original  quantity, 
fcnd  leave  about  as  much  elaftic  fluid  as  was 
generated  by  the  electricity,  and  this  elaftic  fluid 
is  a  ftrong  inflammable  air. 

Or.  Prieftley  found,  when  the  eledtric  fpark 
was  taken  in  vitriolic  acid  air,  that  the  infide  of 
the  tube  in  which  it  was  confined  was  covered 
with  a  blackilh  fubftance*  He  feems  to  think, 
lhat  the  whole  of  the  vitriolic  acid  air  is  con* 
vertiWe  into  this  black  matter,  not  by  means  of 
any  union  which  it  forms  with  the  ele&ric  fluid, 
but  in  confequence  of  the  concuffion  given  to  it 
try  {he  explofion ;  and  that,  if  it  be  the  calx  of 
(he  metal  which  fupplied  the  phlogifton,  it  is  not 
to  be  cjiftinguiflied  from  what  metal,  or  indeed 
.from  what  fqbftance  of  any  kind,  the  air  had 
jbeeft  extracted. 

Dr.  Prieftley  made  1 50  explofions  of  a  com- 
fnon  jar  in  about  a  quarter  of  an  ounce  mcafure 
of  vitriolic  acid  air  from  copper,  by  which 
the  bulk  was  diminifbed  about  one  third,  and 
(he   fepiaindef  feemtngly    not  changed,  being 

Ww  2  all 
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ill  ibforbcd  by  water.  In  the  courfe  of  this 
procefs,  the  air  was  carefully  transferred  three 
times  from  one  veffel  to  another;  and  ihc  lai: 
yelTel,  in  which  the  explolions  were  made,  was, 
to  all  appearance,  as  black  as  the  firft  ;  fo  that 
the  air  lcems  to  be  all  convertible  into  this  black 
fubftancc. 

Thinking  this  diminution  of  the  vitriolic  acid 
air  might  anfc  irorji  it's  abforpiion  by  the  cement, 
with  which  the  glals  tubes  employed  in  the  lull' 
experiment  were  doled,  he  repeated  it  with  the 
air  from  quickfilvcr,  in  a  glafi  fyphon  confined  by 
quicklilvcr,  and  the  rcfult  was  the  fame. 

That  this  matter  comes  from  the  vitriolic 
acid  air  only,  and  not  from  any  combination  of 
ihe  electric  matter  with  it,  will  appear  from  the 
following  experiment. 

He  took  the  fimplc  electric  fpark  from  a  con- 
ductor of  a  moderate  file,  for  the  fpace  of  five 
minutes  without  interruption,  in  a  quantity  of 
vitriolic  acid  air,  without  producing  any  change 
in  the  iniide  of  the  glafi ;  when  immediately 
after,  making  in  it  only  two  explolions  of  a 
common  jar,  each  of  which  might  be  produced 
iq  left  than  a  quarter  of  a  minute  with  the  lame 
machine  in  the  'fame  ft  ate,  the.  whole  of  the 
infide  of  the  tube  was  completely  covered  with 
the  black  matter.  Now  had  the  electric  matter 
formed 
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formed  any  union  with  the  air,  and  this  black 
matter  had  been  the  refult  of  that  combination, 
pll  the  difference  that  would  have  arifen  from 
the  fimple  fpark  or  the  explofion,  could  only 
have  been  a  more  gradual,  or  a  more  fudden 
formation  of  that  matter. 

A  large  phial,  about  an  inch  and  a  half  wide, 
being  filled  with  this  air,  the  explofion  of  a 
very  Urge  jar,  containing  more  than  tw>  feet  of 
coated  furfaee,  had  no  effect  upon  it;  from 
which  it  fhould  fecm,  that  in  thefe  cafes,  the 
force  of  the  fhock  was  not  able  to  give  the 
quantity  of  air  fuch  a  concuflion  as  was  neceflary 
p>  decompofe  any  part  of  it. 

He  had  generally  made  ufe  of  copper,  but 
afterwards  he  procured  this  air  from  almoft 
every  fubftance  from  which  it  could  be  obtained  ; 
the  ele&ric  explofion  taken  in  it  produced  the 
fameeffeQ.  But,  as  fome  of  the  experiments 
were  attended  with  peculiar  circumftances,  he 
briefly  mentions  them,  as  follows. 

When  he  endeavoured  to  get  vitriolic  acid 
air  from  lead,  putting  a  quantity  of  leaden  (hot 
into  a  phial  containing  oil  of  vitriol,  and  apply- 
ing only  the  ufual  degree  of  heat,  a  confiderable 
quantity  of  heat  was  produced ;  but  afterwards, 
(hough  the  heat  was  increafed  till  the  acid  boiled, 
po  more  air  could  be  got.  He  imagined  there- 
fore, 
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fore,  that  in  this  cafe  the  phlogifton  had,  in  fafl, 
been  fupplicd  by  Cometh  mg  that  had  adhered 
to  the  (hot.  However,  in  the  air  fo  produced, 
he  took  the  electric  exploiion  j  and  in  the  firft 
quantity  he  tried,  a  whitilh  matter  was  produced, 
almoft  covering  the  iniidc  of  the  tube;  but  in  the 
flicceeding  experiments,  with  air  produced  from 
the  fame  (hot,  or  from  fomething  adhering  to  il 
there  was  lefsof  the  whitilh  matter;  and  at  laff,, 
nothing  but  black  matter  was  produced,  as  in  all 
the  other  experiments.  Water  being  admitted 
to  this  air,  there  remained  a  conliderable  refi- 
duum,  which  was  very  flightly  inflammable. 

Vitriolic  acid  air  is  eafily  procured  from  fpirit 
of  wine,  the  mixture  becoming  black  before  any 
air  is  yielded.  The  electric  explofion  taken, 
in  this  airalfo  produced  the  black  matter. 

The  experiments  made  with  ether  feem  to. 
throw  molt  light  upon  this  fubject,  as  this  ait 
is  as  eafily  procured  from  ether  as  any  other 
fubftance,  containing  phlogifton.  In  the  air 
procured  by  ether  the  ele&ric  eiplpfion  tinged 
theglafc  very  Hack,  more  fo  than  in  any  other 
experiment  of  the  kind ;  and,  when  water  had 
abforbed  what  it  could  of  this  air,  there  was  a 
refiduum  in  which  a  candle  burned  with  a  lam- 
bent blue  flame.  But  what  was  moft  remarkable 
in  this  experiment  was,  that  befides  the  oil  of 
ritrioj 
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vitriol  becoming  very  black  during  the  procefe, 
a  black  fubftance,  and  of  a  chick  confidence, 
was  formed,  which  fwam  on  the  furface  of  the 
acid. 

It  is  very  poffible,  that  the  analyfis  of  this 
fubflance  may  be  a  means  of  throwing  light  upon 
the  nature  of  the  black  matter,  formed  by  electric 
cxplofions,  in  vitriolic  acid  air,  as  they  fecm  to 
referable  one  another  very  much. 

The    ele&ric   fpark  or  explofion,  taken  in 

common  air,  confined  by  quickfilver  in  a  glafs 

tube,  covers  the  infide  of  the  tube  with  a  black 

matter,  which,  when  heated,  appears  to  be  pure 

quickfilver.     This,  therefore,  may  be  the  cafe 

with  the  black  matter  into  which  he  fuppofed  the 

vitriolic  acid  air  to  be  converted  by  the  fame 

procefs,    though   the   effect    was   much  more 

remarkable  than  in  the  common  air.     The  ex- 

plofion  will  often  produce  the  -diminution  of 

common  air  in  half  the  time  that  fimple  fparks 

will  do  it,  the  machine  giving  the  fame  quantity 

of  fire  in  the  lame  tipae  :  alfo,  the  blacknefs  of 

the  tube  is  much  fooner  produced  by  the  (hocks 

than  by  the  fparks.     When  the  tube  confiderabiy 

exceeds  three  tenths  of  an  inch  in  diameter,  it 

will  fometimes  become  very  black,  without  there 

being  any  fcnfible  diminution  of  the  quantity  of 

air. 

^        Experiment 
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Experiment  ccxxxv. — This  curious  experi- 
ment was  made  by  Mr.  Marlham,  originally  with 
a  view  to  melt  wires  with  a  fmall  Leydcn  bottle. 
The  effects  are  curious,  and  feem  to  open  anew 
field  for  investigating  the  force  and  direction  of 
the  electric  fluid.  He  fixed  a  fmall  piece  of  wax 
upon  the  outfide  coating  of  the  Leyden  bottle ;  the 
head  of  a  fmall  needle  was  (luck  in  the  wax,  Co 
as  to  be  at  right  angles  to  the  coating;  oppofite 
to  the  point  of  this  needle,  and  at  half  an  inch 
dittance,  another  needle  was  fixed,  by  being  for- 
ced through  the  bottom  of  a  chip  box  ;  this  was 
connected  with  thedifchargingrod  by  a  wire.  On 
difchirging  the  bottle,  the  needle  with  the  wax 
was  driven  from  the  coating  of  the  bottle,  and 
fixed  into  the  box  oppofed  to  it.  The  diftancc 
between  the  needles  was  then  incrcafed  to  two 
inches  and  a  half,  which  was  the  greatcft  ftriking 
diftance.  The  head  of  the  needle,  which  was 
fixed  to  the  bottle,  was  evidently  melted  in  two 
or  three  places.  If  the  charge  was  ftrong,  and 
the  wax  was  not  (tuck  faft  to  the  coating  oF  the 
bottle,  both  the  wax  and  the  needle  would  be 
driven  fomc  inches  from  the  bottle.  On  placing 
a  ball  of  wax  on  the  point  of  each  needle,  and 
palling  the  difcharge  through  them,  the  ball  was 
thrown  from  that  connected  with  the  bottle  full 
two 
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two  feet.    Repeating  this  again,  he  could  not 
produce  the  fame  effect. 

Mr.  Marfham  now  fixed  the  needle,  oppofed 
to  that  on  the  bottle,  with  wax  on  a  brafs  plate. 
On  palling  the  charge  through  them,  when .  the 
needles  were  half  M  inch  diftance  from  each 
other,  the  needle  was  thrown  fix  inches  from  the 
brafs  plate,  while  the  other  remained  in  it's 
fituation.  On  increafing  the  diftance,  the  effeds. 
were  the  fame,  till  it  came  to  one  inch  and  a 
half,  when  neither  were  thrpwn  off.  In  many 
inftances,  both  were  thrown  off,  leaving  the  wale 
behind  them. 

The  needles  in  all  thefe  experiments  pafled 
through  the  wax,  fo  as  to  touch  the  coating  of 
the  bottle  and  the  brafs  plate ;  both  the  coating 
and  plate  were  beautifully  fufed  at  each  explo- 
fion. 

Mr.  Marfham  then  fubftituted  fmall  pieces 
of  putty  inftead  of  wax ;  when  on  making  the 
difcharge  with  the  points,  at  only  three-eighths, 
of  an  inch,  the  needle  was  driven  from  the  bot- 
tle, and  the  putty  forced  up  the  needle.  The 
points  were  theg  placed  as  near  each  other  as 
was  poflible;  when,  on  making  the  difcharge, 
the  putty  of  both  needles  was  blown  to  pieces, 
ind  the  needle  thrown  at  a  confiderable  diftance ; 
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the  brafs  plate  was  alfo  curioufly  melted,  and 'the 
bottle  broke. 

Experiment  ccxxxvi. — Cut  a  piece  of  India 
or  thin  paper  into  the  fliapc  of  an  ifofceks 
triangle,  whofc  fides  are  about  two  inches  long, 
breadth  two  tenths  of  an  inch  ;  then  erect  a  brais 
ball  of  two  or  three  inches  diameter,  on  a  brafs 
wire  one  i'uih  of  an  inch  diameter,  and  two  feet 
fix  inches  long,  on  the  prime  condu&or ;  eleftriiy 
the  conductor,  and  then  bring  the  obtufc  end  of 
the  pieces  of  paper  within  the  attnofphcrc  of  the 
ball,  and  let  it  go,  and  the  paper  will  revolve 
round  the  ball  and  often  round  it's  own  axis. 
This  pleafing  and  exceeding  curious  experiment 
was  communicated  to  mc  by  the  ingenious  Mr. 
J.  Gamble,  of  Pembroke-Hall,  Cambridge. 

ExPEMMENTCCXXXVII. Electrify  IWO  JMKH 

of  fwan's  down,  one  negatively,  and  the  other 
positively ;  they  will  then  float  in  the  air,  and 
may  be  eafily  driven  about  by  bottles  charged 
with  contrary  electricity ;  when  brought  near 
together,  they  will  attract  each  mthtr,  meet  with 
rapidity,  their  fibres  will  collapfe,  and  they  will 
then  fait  to  the  ground,  representing  in  miniature 
what  may  be  fuppofed  often  to  happen  in  the 
higher  regions  of  the  atmofphere. 

Experiment 
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Experiment  ccxxxviii. — Infulate  a  Leyden 
phial,  and  conned  a  fet  of  elc&rical  bells  with 
rhe  infide  of  the  phial,  and  another  fet  with  the* 
iutfide;  charge  the  phial,  and  then  touch  the 
et  of  bells  conne&cd  with  the  infide ;  thefe  will 
:cafe  ringing,  and  the  other  fet  will  begin  to 
ing;  now  touch  thefe,  and  then  the  fet  con- 
tested with  the  infide  will  ring;  and  fo  on 
alternately  till  the  bottle  is  difcharged.  Thus 
liultrating,  in  a  pleafing  manner,  the  received 
hcory  of  the  Leyden  phial. 

A  diftindl  apparatus  is  often  fitted  up  for  the 
lerforming  of  this  experiment :  or  it  may  be 
hewn  by  means  of  the  apparatus  reprefented  fig. 
(.9,  pi.  III.  which  can  eafily  be  applied  to  a 
gpcat  variety  of  purpofes,  and  is  fufficient  for 
rxplaining  mod  part  of  the  phenomena  relative 
o  the  Leyden  phial,  befides  being  very  con- 
rcnient  for  feveral  pleafing  experiments. 
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Qlt    tHt    ANALOGY    BITWEtM    THE    PROD^CTIOS 

.  abo'  Effects  of  Electricity  a.nd  Heat, 
and  alto  between  the  power  by  which 
Bodiii  conduct  Electricity  and  receivi 
Hkat;  WtTH  the  Description  of  an  Is- 

«TRU1IENT    TO    MEASURE    THE    QUANTITY   Of 

the  Electrical  Fluid,   which  Bodies  or 
.   A  diffmLent   Nature  will  conduct  when 
placed  in  the  same  circumstances.    by 
Mr.  Achara.* 

The  production  of  heat  is  fimilar  ro  that  of 
electricity. 

Every  kind  of  friction  produces  heat  and  elec- 
tricity. It  may  be  objected  to  this,  that  in  or- 
der to  render  the  analogy  perfect,  it  would  be 
neceflary  that  the  friction  of  every  body  fliould 
produce  electricity,  which  appears  contrary  to 
experience,  as  mctais  and  otherconductingfub- 
ftances  do  not  become  electrical,  but  by  the 
contact  of  electric  bodies,  and  that  the  imme- 
diate friction  of  thefc  fubfiances  will  not  render 
them  electrical. 

To  this  it  may  be  anfwered,  that   when  an 

electric  body    is  excited   by   fiiQion  againft  » 

non-electric, 

*   Memoirs  dc  ['Academic  de  Berlin,  for  1779. 
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non-eleCbic,  the  lad,  if  it  is  infulated,  gives 
as  ftrong  figns  of  electricity  as  thofe1  of  the 
cleftric  itfelf.  This  electricity  is  not  comjnu- 
nicated  by  theeleCtric,  fince  it  is  of  an  oppofite 
kind  :  negative,  if  the  eleCtric  is  pofitive  ;  and 
the  contrary. 

This  obfervation  proves,  not  only  that  the 
conducting  bodies  become  electrical  by  friCtion, 
as  well  as  electric  bodies,  but  alfo,  that  to  pro- 
duce eleCtricity,  it  is  ncceffary  that  the  equili- 
brium between  the  electricity  of  the  rubbing 
bodies  fhould  be  deftroyed ;  if  each  fubftancc 
is  equally  adapted  to  receive  and  tranfmit  the 
electrical  fluid,  it  is  clear,  that  the  equilibrium 
of  the  fluid  between  them  cannot  be  deftroyed ; 
becaufc,  that  at  the  inftant  one  receives  from 
the  other  any  given  quantity,  it  will,  by  it'* 
elafticity,  be  again  divided  between  them :  we 
may  therefore  conclude, 

1 .  That  the  eleCtricity  produced  by  the  friCtion 
of  two  bodies  is  greater,  in  proportion  to  the  in- 
creafe  of  the  difference  between  the  conducting 
power  of  thofe  bodies. 

2.  That  where  two  bodies  are  equally  adapted 
to  receive  and  tranfmit  the  eleCtric  fluid,  they 
give  no  fign  of  eleCtricity ;  not  becaufc  they 
cannot  become  electrified  by  friCtion,  but  becaufe 
the  cleCtricity,  which  is  difturbed  by  the  friction, 

is 
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ts  at  the  fame  lime  rcflorcd,  on  account  of  the 
facility  with  which  it  penetrates  each  fuhftancc. 
Tor  a  rcafon  nearly  fimilar,  electrics,  when  rub- 
bed together,  do  not  appear  electrified. 

It  fecms  therefore,  that  we  may  conclude 
from  this  theory,  which  is  founded  on  fact,  that 
in  all  cafes,  and  whatever  is  the  nature  of  the 
fubftance,  the  friction  always  produces  elec- 
tricity; and  when  the  effect  is  not  fenfible,  it 
is  only  becaufe  electricity  is  loft  as  foon  as  pro- 
duced. 

That  there  are  no  fubftanccs,  that  are  rubbed 
againfta  body,  which  tranfmit  the  electric  fluid 
with  greater  or  lefs  difficulty,  but  what  give  figns 
of  electricity  ;  that  metals  are  as  electrical  by 
theinfelves  as  glafs  and  wax. 

That  as  friction  always,  and  in  all  cafes,  pro- 
duces electricity,  there  U  a  perfect  analogy  bet 
tween  the  production  of  heat  and  electricity 

The  Effects,  which  are  produced  by  Elec, 
tr1city,  are  similar  to  those  pjlopuceq 
jjy  Heat. 

Heat  dilates  all  bodies.    The  action  of  the 

electric  fluid  on  the  thermometer  fbews  it's  dila^ 

ting  power  alfo ;  and  if  we  do  not  generally  peiv 

ceive  it,  it  is  becaufe  the  force  with  which  bodies 

cohere 
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cohere  together,  exceeds  the  dilating  power  of 
electricity. 

Heat  promotes  and  accelerates  vegetation  at 
well  as  germination  :  Electricity,  whether  pofk 
tive  or  ncgative,*does  the  fame. 

Eledricity,  as  well  as  heat,  accelerates  eva- 
poration. 

Heat  and  eledtricity  accelerate  the  motion  of 
the  blood.*  Left  fear,  conftraint,  or  the  at- 
tention to  the  experiment,  might  accelerate  the 
pulfe,  and  thus  be  attributed  to  ele&ricity,  Mc 
Achard  made  the  experiment  on  a  dog  who* 
aflcep,  and  always  foUnd,  that  the  number  of 
puliation s  was  increafed  when  the  animal  was 
ele&rified. 

The  experiment  made  by  Mr.  Achard  on  the 
eggs  of  a  hen,  and  by  others  on  the  eggs  of 
moths,  proves  that  ele&ricity,  as  well  as  heat, 
favours  the  developement  of  thofe  animals.  The 
elcftric  fluid,  in  common  with  fire,  will  thro* 
metals  into  fufion. 

If  fubftances,  with  equal  degrees  of  heat,  touch 
each  other,  the  heat  is  diffiifed  uniformly  be- 
tween them.    In  the  fame  manner,  if  two  bodies 

with 

•  This  pofition  has  been  much  controverted,  and  k 
{eems  clear,  from  modern  experiment,  that  funple  electri- 
city doit  not  accelerate  the  pulfe. 
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with  unequal  degrees,  or  different  kinds  of  elec- 
tricity, touch  each  other,  an  equilibrium  will 
bceflabliflied. 


.m 


There  is   an    exact  Analog*  between 
Faculty  with  which  Bodies  conduct  thi 
Electric  Fluid  and  receive  Heat. 

If  bodies  of  different  kinds,  and  of  equal  de- 
grees of  heat,  arc  pliccd  in  a  medium  of  a  dif- 
ferent temperature,  they  will  all  acquire,  at  the 
end  of  a 'certain  time,  the  fame  degree  of  heat. 
There  is  a  conliderable  difference,  however,  in 
theipaccof  time  in  which  they  acquire  the  tem- 
perature of  the  medium:  ex.gr.  metals  take 
lefs  time  than  glafs,  to  acquire  or  lofc  an  equal 
degree  of  heat. 

On  an  attentive  examination  of  the  bodiei 
which  receive  and  lofc  their  heat  fooneff,  when 
they  arc  placed  in  mediums  of  different  tempe- 
rature, they  will  be  found  to  be  the  lame  which 
receive  and  lot  their  electricity  with  the  greateff.  $ 
facility.  Metals,  which  become  warm  or  grow 
cool  the,  quickeft,  are  the  fubftances  which  re- 
ceive and  part  with  their  electricity  fooneft. 
Wood,  which  requires  more  time  to  be  heated 
or  cooled,  receives  and  lofes  electricity  flower 
than  metals.  Laftly,  glaii  and  refinous  fub- 
5  fiances, 
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kftittes,  which  receive  and  lofe  flowly  the  dec- 
ric  fluid,  acquire  with  difficulty  the  tempera- 
of  the  medium  which  furrounds  them. 
If  one  extremity  of  an  iron  rod  be  heated  red- 
,  the  other  extremity,  though  the  bar  is  fe- 
teral  feet  long,  will  become  fo  warm  in  a  little 
teic  that  the  hand  cannot  hold  it ;  becaufe  the 
Won    conducts    heat    readily;    but    a  tube    of 
jgjfeCs,  only  a  few  inches  long,  may  be  held  in 
Ac  hand,  even  while  the  other  end  is  melting* 
3Fhe  eleftric  fluid,  in  the  fame  manner,  paffes 
■rith  great  velocity  from  one  end  of  a  rod  of 
iron  to  the  other ;  but  it  is  a  confiderable  time 
fecfore  a  tube  of  glafs,  at  one  end  of  which  an 
oxcited  ele&ric  is  held,  will  give  efeeffcric  figns 
;  flt  the  other. 

Thefe  obfervations  prove,  that  feveral  bodies 
that  receive  and  lofe  with  difficulty  their  a&ual 
dfegree  of  heat,  receive  and  lofe  alfo  with  diffi- 
culty their  e!e<5lricity.     To  determine  if  this  law 
is  general,   and  what  are  the  exceptions  to  it, 
^pill  require  a  variety  of  experiments. 

If  we  fuppofe  two  fubftances,  one  of  which  is 
electrified,  but  the  other  not,  that  the  firft  has 
a  known  degree  of  eledtricity,  and  that  the  laft, 
in  touching  it,  deprives  it  of  a  given  degree  of 
eleftricity  5  this  lofs  of  a  part  of  it's  electricity 
determines  the  fecuhy  with  which  the  body  that 

Y  y  touches 
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ijf  touches  it  receives  the  electric  fluid.  Befuja 
;  the  figure  and  volume  of  this  fubftance,  the  time 
the  tn-o  bodies  remain  in  contact  will  alter  tie 
quantity  uken  from  the  electrified  fubftancci  b 
that  all  other  drcumftances  being  the  fame,  the 
property  of  bodies  to  deprive  other  bodies  of 
their  electricity,  or,  in  other  words,  to  conduct 
the  electric  fluid,  is  in  the  invcrfe  ratio  of  the 
time  necefTary  to  make  them  lofc  an  equL 
degree  of  electricity. 

The  inftruracnt,  which  is  reprcfemed  fig.  9;, 
is  constructed  on  thefe  principles,  and  with  n 
the  quantity  of  electricity  that  one  body  lofes  ia 
a  given  time,  when  touched  by  another,  maybe 
accurately  afecrtained.     A  B  is  a  very  fenlibte 
ballancc ;  at  the  extremity  of  each  arm  two  v«j 
light   balls  of  copper  are  affixed ;  CFDafr 
vided  femicircle,  which  is  fattened  to  the  cock, 
which  fupporu  the  axis  of  the  ballancc ;  the  d** 
grees  may  be  pointed  out  by  a  needle,  or  by  rib*) 
.anus  of  the  ballance ;  the  cock  ia  fixed  to  a  boil 
"tap,  which  is  cemented  oruheglafs  pillar  GUj 
which  is  fixed  to  the  board  QR ST;  this  pillar 
mould  be  at  leaft  1 8  inches  high.     U  it  a  Ley* 
den  bottle  ;  to  the  wire  Z  Z,  which   communi*' 
cares  with  it's  infide  coating;  three  horizontal 
wires,    V  Z,    X  Z,  and  Z  Y,    are  fixed  j    the 
ends  of  thefe  wires  are  lumiihed  with  hollow 
5  fanfi 
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is  balls ;  the  bottle  U  is  fo  fixed  to  the  board, 
t  when  the  beam  is  horizontal,  the  ball  B 
<rhes  exadtly  the  ball  X,  as  is  reprefented  in 
"figure. 

fcN  is  a  metal  lever,  which  turns  upon  an 
i  at  I,  fo  as  to  move /Freely  in  a  vertical  plane, 
£h  rttould  coincide  with  the  bar  V  X ;   the 
sr  KNis  fupported  by  a  wooden  pillar  I  H, 
ch  is  fixed  to  the  board  QJ*  S  T ;  at  the  end 
(  the  lever  is  a  fcrew,  to  hold  the  fubftance 
which  the  experiment  is  to  be  made;  the 
er  end  of  this  fubftance  fhoufd  be  turned  into 
Hivex  form.  A  thread  N  O  is  tied  to  the  end 
f  the  lever ;  at  O  is  a  fmall  hook,  on  which 
ill  I  is  to  be  fufpended.     The  diftance  of  the 
Vt  I  H  from  the  bottle  is  to  be  fo  adjufted, 
Pwhen  the  end  N  is  lowered,  the  body  L 
•  touch  in  one  point  the  ball  V ;  the  pro- 
ion  between  the  weight  of  the  arms  of  the 
r,  the  weight  I,  and  the  body  L,  and  the 
th  of  the  pillar  I H  to  the  thread  N  O,  is 
te  fuch,  that  when  the  fubftance  L  touches 
>all  V,  at  the  fame  moment  the  ball  P  will 
h  the    board  QRST,  and  be  difengaged 
i  the  thread  NO:  the  fubftance  L  will  alfo 
e  fame  inftant  quit  the  ball  V. 
o  ufe  this  inftrument,  connedt  the  !>ottle  U 
the  prime  conductor  by  the  ball  Y,  and 

Y  y  2  form 
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form  a  communication  by  a  wire  from  Y  to  th* 
cap  G ;  charge  the  bottle,  and  the  bail  X  will  it* 
pel  the  ball  B  ;  the  angle  of  repuliion  willhj 
marked  by  the  needle  E  F.  Suppofe  this  toh| 
30  degrees,  and  let  L  be  brought,  as  before  do* 

'  fcribedj  to  touch  V,  it  will  abforb  a  quantity  of 
ele&ricity  proportionable  to  it's  conducting  poi. 
er>  and  the  bail  B  will  fall  in  proportion  to  tfc 
quantity  abforbed,  and  the  difference  will  kg 
fcenon  the  feiuicircle.  Let  the  difference  b< 
five  degrees ;  repeat  the  experiment,  only  fuh 
(Uniting  fome  other  fubftance  in  the  place  a 
the  body  L;  fuppofe  that  with  this  fubftano 

*  the  diminution  of  the  angle  is  8  degrees,  theni 
the  conducing  power  of  thefe  two  fubtfances  i 
the  proportion  of  five  to  eight. 

Fig.  ip6  reprefents  an  apparatus,  to  fit 
wire  op  fire  by  the  electric  explofion  indephk 
gifticatcd  air.  I  am  obliged  to  defer  the  ck 
fcription  and  ufe  of  it  to  fome  future  oppoi 
tunity,  as  I  have  not  had  any  time  to  try  it 
fcecefs. 
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ADVERTISEMENT. 


HIS  fmall  Eflay  is  publifhed  toilluf- 
tratc  and  exemplify  fome  ufes  of  a  Mag- 
nettcal  Apparatus,  conftru&ed  in  order 
to  exhibit  die  general  phenomena  of 
Magnetifm.  It  is  extracted  from  a  larger 
work,  which  is  laid  afide  for  the  prefent, 
as  it  is  probable  the  public  will  foon  be 
favoured  with  a  treatife  on  this  fubjecl.  by 
,  Mr.  Cavallo. 
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MAGNETISM. 


'T1  HOUGH  the  phenomena  of  the  magnet 
-**  have,  for  many  ages,  engaged  the  atten- 
tion of  natural  philofophers,  not  onljriby  their 
Angularity  and  importance,  but  alfo  by  the  ob- 
fcurity  in  which  they  are  involved ;  yet  very 
few  additions  have  been  made  to  the  difcoveries 
of  the  firft  inquirers  upon  the  fubjeft.  The 
powers  of  genius,  which  have  been  hitherto  em- 
ployed in  profecuting  this  fubje&,  have  not  been 
able  to  frame  an  hypothefis,  that  will  account, 
in  an  eafy  and  fatisfeftory  manner/  for  all  the 
various  properties  of  the  magnet,  or  point  out 
the  links  of  the  chain  which  connect  it  with  the 

other 
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other  phxnomena  of  the  vniverie.  Though  ir  It 
certain,  that  both  natural  and  agtifirial  dc&ricity 
will  give  polarity  to  needles,  and  even  mwfea 
pven  polaiity  i  frqm  wheqee  it  n— Id  ajipcar,  that 
there  is  a  confidaabk  affinity  between  die  elec- 
tric and  magnetic  fluid,  but  how  it  ads  when 
producing  magnetifro,  is  entirely  unknown. 

It  is  known  by  the  works  of  Plato  *  and- 
Afiftotkt  that  **  apeknts  Vtjft  acquaiqted  with 
the  attra&ve  and  jepulfive  <powoc»  of  ike  aag- 
net ;  but  it  does  not  appear,  that  they  knew  of 
it's  pointing  to  the  pole,  or  the  ufe  of  the  com- 
pais.  As  they  woe  n*-  acquainted  with  the 
true  method  of  phUolbphifing,  and  contented 
Jthemfelvcs  with  observation  alone,  their  know* 
kdgeof  natust  was  confined  whhns  wcy  aarrfw 
limits,  and  did  not  ajford  any  confidccable  ad- 
vantage tQ  fociety.  Modern  philofophcrs,  by 
combining  experiment  with  oWervatiorv,  foon 
extended  the   boundaries  §  of  fcience,   and  diC* 

coveted 

*  "  A  power  refembling  that,  which  a&s  m  the  flonc, 
M  called  by  Euripides  the  magnet.  For  this  ftone  does  not 
V  only  aUraft  iron  rings,  but  impart  to  thofe  rings  the  power 
•*  of  doing  that  very  thing  which  itfelf  does,  enabling  them 
14  to  attract  other  rings  of  iron ;  fo  that  Sometimes  may  be 
••  fecn  a  very  long  fcries  of  iron  rings,  depending  as  in  a 
ft  chain  one  from  another.  But  from  that  ftone  at  the  head 
«*  of  them  is  derived  the  virtue,  which  operates  in  them 
M  all."  Sec  Sydenham's  tianflation  of  the  IO  of  Plato. 
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Covered  the  polarity  of  the  loadftone,  a  pro- 
perty which  in.  a  manner  conftitutes  the  bails 
of  navigation,  and  gives  being  to  commerce. 

The  loadstone*  leading  stone,  or  na- 
tural magnet,  is  an  iron  ore  or  ferruginous 
ft  one,  found  in  the  bowels  of  the  earth,  generally 
in  iron  mines ;  of  £ll  forms  and  fizes,  and  of 
various  colours.  It  is  endowed  with  the  pro* 
perty  of  attracting  iron ;  and  of  both  pointing 
itfelf,  and  alfo  enabling  a  needle,  touched  upon 
it,  and  duly  poifed,  to  point  towards  the  poles 
of  the  world. 

Load  ft  ones  are  in  general  very  hard  and  brit- 
tle, and  for  the  mod  part  more  vigorous  in  pro* 
portion  to  their  degree  of  hardnefs.  Consider- 
able portions  of  iron  may  be  extracted  from 
them.  Newman  (ays,  that  they  are  aim  oft 
totally  foiuble  in  fpirit  of  nitre,  and  partially  in 
the  vitriolic  and  marine  acids. 

Mr.  Kirwan  fays,  that  the  magnet  feems 
to  contain  a  fmall  quantity  of  fulphur,  is  often 
contaminated  with  a  mixture  of  quartz  'and 
argill ;  it  is  poflible,  it  may  contain  nickel,  for 
this,  when  purified  to  a  certain  degree,  acquired 
the  properties  of  a  magnet,  but  it's  conftitutiori 
Jias  not  as  yet  been  properly  examined.* 

Z  z  Artificial 

*  Kirwan's  Elements  of  Mineralogy,  p.  271. 
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Artificial  migtieta,  wkicb  aw  made  of  fed, 
arc  aour  genrttfty  tried  ift  prtfarcttce  *d  the  » 
tural  magnet;  hbtoftly  as  tbey*iay  bfcfrecuni 
with  greater  eafe,  but  bifctuft  they  we  fir 
fuptrior  to  the  flarattl  magbet  in  ftrcfigtfa,  ad 
communicate  ft*  toagfteetc  vimat  aaore  potv- 
fully,  and  majr  be  tared  in  their  fcrm  matt 
eafily,  lb  that  die  natural  magnet  i»  now  any 
little  efteemtd,  eaeept  at  a  cotiofity. 

The  powa*  of  amaffing  i*»,  te.  poflefled 
fay  the  toadftcac,  which  it  alb  comtmuacabie 
to  iron  and  ftcel,  it  called  UAonmnu  h  1m 
been  fuppofed,  that  inn  and  the  lnadflone  were 
die  only  two  bodies  which  cOuid  be  rendered 
magnctical ;  but  it  now  apptaua,  that  ntckd, 
Ivhen  purified  from  iron,  beoornei  mar*  mftead 
of  lefs  magnetic,  and  acquires,  what  iron  doci 
not,  the  properties  of  a  magnet  .f 

A  rod  or  bar,  of  iron  or  fteel,  to  which  a 
permanent  polarity  has  been  communicated,  is 
called  a  magnet. 

The  points  in  a  magnet  which  feem  to  poflcft 
the  greateft  power,  or  in  which  the  virtue  feexro 
to  be  concentrated,  are  termed  the  poles  of 

A  MAGNET. 

The    magnetical  meridian  is   a  verticil 
circle  in  the  heavens,  which  interfedts  the  ho- 
rizon 

*  Ibid.  p.  gfy. 
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rizon  in  the  points  to  which  the  magnetical 
needle,  when  at  reft,  is  diredled. 

The  axis  of  a  magnet  is  a  right  line,  which 
pafles  from  one  pole  to  the  other. 

The  equator  of  a  magnet  is  a  line  per- 
pendicular to  the  axis  of  the  magnet,  and  exadlly 
between  the  two  poles. 

The  diftinguiihing  and  charadhuiftic  proper- 
ties of  a  magnet,  are, 

Firft,  It's  attradtive  and  repulfive  powers. 

Secondly,  The  force  by  which  it  places  itfelf, 
when  fufpended  freely,  in  a  certain  direction 
towards  the  poles  of  the  earth. 

Thirdly,  It's  dip  or  inclination  towards  a 
point  below  the  horizon. 

.    Fourthly,  The  property  which  it  poflefles  of 
communicating  the  foregoing  powers  to  iron  or 

An    Hypothesis.* 

> 

Mr.  Euler  fuppofe*,  that  the  two  principal 
caufes,  which  concur  in  producing  the  wonderful 
properties  of  a  magnet,  are,  firft,  a  particular 
ihrudture  of  the  internal  pores  of  the  magnets, 
and  of  magnetical  bodies;  a#d,  fecondly,  an 

Z  z  2  external 

*  Lettrcs  a  unc  Prjnceflc  d' 
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nctjc  fluid,  which  cxifis  in  every  kind  of  iran, 
ii  equally  attracted  by  all  it's  parts,  and  equally 
diflcinituled  throughout  it's  fubrtance,  unlets  it 
is  forced  into  an  inequality  by  a  power  fupttioc 
10  the  aiiraction  of  the  iron. 

3.  That  the  natural  quantity  of  magnetic  fluid 
contained  tn  a  piece  of  iron,  may  be  put  in  mo- 
tion £0  as  to  be  more  rarified  in  one  parr,  and 
more  condenfed  in  another ;  but  it  cannot  be  (q 
taken  away  by  any  knoun  force,  as  to  leave  the 
whole  nwfs  in  a  negative  (late  with  icfpcct  to  it's 
natural  quinrity;  neither  can  any  additional 
quantity  be  introduced  To  as  to  put  it  in  a 
policivc  Mate. 

4.  A  piece  of  I'm  ft  iron  permits  the  magnate 
fluid,  which  is  contained  in  it's  fubflance,  to  be 
put  in  motion  by  a  l'null  force,  b  that,  being 
placed  in  the  dire&ion  of  the  magnetic  meri- 
dian, it  acquires  immediately  the  properties  of 
a  magnet,  it's  magnetic  fluid  being  drawn  or 
pulbed  from  one  extremity  to  the  other,  and 
continuing  fo  while  it  remains  in  the  fame  por- 
tion, one  of  the  ends  becoming  pofitively,  the 
other  negatively  magnetic.  The  tranfient  mag- 
net lofes  it's  properties  when  it  is  laid  in  an  caft 
and  weft  titration,  the  magnet  returning  to  it's 
original  fituation. 

If 
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If  the  iron  re  hard  as  fteel,  it  is  more  difficult 
to  put  the  magnetic  fluid  in  motion,  it  requires 
a  flronger  force  than  is  exerted  by  the  magnctifm 
of  the  earth  to  move  it,  and  when  moved  from 
one  end  to  the  other,  it  cannot  eafily  return, 
and  thus  a  fteel  bar  requires  a  permanent  mag* 
netifm. 

6.  A  great  heat  opens  the  fubftance  and 
feparates  the  parts  of  the  bar,  and  thus  gives  a 
free  pafiage  for  the  magnetic  fluid,  which  deftroys 
it's  magnetic  properties. 

7.  A  fteel  bar  not  magnetical,  placed  m  the 
direction  of  the  magnetic  meridian  and  dip, 
and  firft  heated  and  then  fuddenly  cobled,  while 
in  this  pofture,  acquires  a  permanent  magnetifm ; 
for  while  the  bar  was  warm,  the  magnetic  fluid 
contained  in  it  was  eafily  forced  from  one  end  to 
the  other,  by  the  magnctifm  of  the  earth,  and 
was  retained  there  by  the  contra&ion  of  the  bar 

"  from  cold. 

8.  Violent  concuflions  of  the  fteel  bar  placed 
as  in  the  foregoing  article,  (b  feparate  it's  parts 
during  the  vibrations,  as  to  fuffer  the  magnetic 
fluid  to  be  forced  from  it's  fituation  by  the 
magnetifm  of  the  earth,  and  is  retained  in  it  a 
altered  fituation  by  the  doling  of  the  pores  when 
the  vibrations  ceafe. 

9.  An  cle&ric  (hock  dilating  a  needle  for  a 

5  moment. 
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moment,  gives  it,  for  the    foregoing  reafoa,  a 
magnetic  virtue. 

I.  Thmc  11  a  Tendency  ik  Iron  and  a 
Magnet  to  abroach  each  other,  akd 
attach  themselves  together,  and  that 
»ixtt  ncci  Force,  as  often  to  keo£iri  A 
COMilPHAltl  WHOgt  TO-W-AJtATl  tHgte     * 

This  curious  property  of  the  magnet  was  that 
by  *bich  it  was  fixlt  difcovercd,  and  by  which 
it  engaged  the  attention  of  the  curious.  Every 
fubnancc  which  contains  iron  is  more  or  id; 
attracted  by  the  magnet,  with  one  exception, 
a»  Haichcl,  Gcllert,  and  Brand  aflert,  that  the  ' 
finallcft  quantity  of  antimony  mixed  with  iron 
prevents  it's  being  attracted  by  the  magnet.  Mr. 
Burgman  ufed,  the  following  method  to  difcover 
the  fubftances  which  are  attracted  by  the  magnet, 
he  placed  the  bodies  which  be  intended  to 
examine  on  pure  water,  or  very  pure  mercury, 
either  directly  on  the  furface,  or  on  a  piece  of 
paper,  when  on  the  approach  of  a  ftrong  magnet 
they  will  be  fenfibly  attracted,  although  the 
attraction  could  be  difcovercd  by  no  other 
method ;  in  this  way  he  found  martial  fairs 
ft/ongly  attracted  by  the  magnet.  Howbeit,  in 
general, 
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general;  iron,  when,  involved  in  a  coating  of 
faline  matter,  is  attracted  lefc  ftrongly  in  propor- 
tion as  it  is  more  intimately  united  to  the  falts. 
The  attraction  of  iron  is  ftrongeft  when  it  is  mod 
deprived  of  oily,  liilphureous,  and  faline  par- 
ticles* Spirit  of  nitre  poured  on  iron  which  is 
afiing  on  a  magnetic  needle,  will  diminifh  it's 
adion. 

Experiment  ii-*-Place  a  piece  of  iron  on  a 
cork,  and  put  the  cork  into  water,  the  piece  of 
iron  will  be  attradied  by,  and  follow  a  magnet, 
in  a  pleafing  manner.  The  tendency  between 
the  magnet  and  the  iron  is  reciprocal ;  for  if  the 
magnet  be  put  on  the  cork,  it  will  follow  the 
iron*  in  the  fame  manner  as  this  followed  the 
magnet. 

On  this  principle  many  ingenious  and  enter- 
taining pieces  of  mechanifm  have  been  contrived. 
Small  fwans  fwimming  in  the  water  have  been 
made  to  point  out  the  time  of  the  day,  &c. 

Experiment  ii. — Place  a  magnet  upon  one 
of  the  brafs  (lands,  and  prefent  one  end  of  a 
fmall  needle  towards  it,  holding  the  other  end 
by  a  piece  of  thread,  to  prevent  the  needle  fixing 
itfelf  to  the  bar,  and  the  needle  will  be  pleafingly 
fufpended  in  the  air  ;  the  needle  will  remain 

3  A  fuf. 
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netat  about  half  an  inch  fimii  fast  fled  filings, 

and  thefe  will  fly  to  the  magnet  and  form  a  kind 
of  beard  about  the  end  of  the  magnet. 

II.  There  are  certain  Points  in  a  Magnet, 
in  which  it's  Virtues  seem  as  it  were 
concentrated.  which  are  called  it* 
Poles. 

Experiment  v. — Let  a  magnet  be  placed  on 
one  of  the  brats  (lands  contained  in  the  apparatus, 
and  then  try  what  number  of  iron  balls  it  will 
fuftain  at  different  parts ;  it  will  be  found  to 

5  fuppoit 
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fupport  moft  near  the  ends,  evincing  that  the 
magnetic  power  is  exerted  there  with  the  grcateft 
force. 

Take  out  the  fteel  needle  from  between  the 
two  pillars  a  b%  fig.  117,  and  place  in  it's 
ftead  the  needle,  one  half  of  which  is  made  of 
fteel,  the  other  half  of  brafs,  the  fteel  part  of  this 
needle  is  to  be  touched ;  on  preferring  the  fouth 
end  of  a  magnet  to  the  end  of  the  arch,  this  will 
repel  the  end  of  the  needle  to  a  certain  degree, 
but  on  moving  the  magnet  progreffively  forwards, 
the  needle  will  gradually  fall  down  till  it  comes 
to  Zero.  If  the  magnet  is  moved  further,  the 
peedle  will  be  attradted. 

To  riND  the  Poles  of  a  Magnet. 

Experiment  vi.— Let  a  magnet  be  placed 
under  one  of  thofe  panes  of  glafs  which  are 
contained  in  the  bottom  of  the  box  ;  lift  foroc 
fteel  filings  on  this  glafs,  and  then  ftrike  it  gently 
with  a  key,  in  order  to  throw  the  glafs  into  a 
vibratory  motion  ;  this  will  difengage  the  filings, 
and  they  will  foon  be  arranged  in  a  p leafing 
manner:  thofe  parts  of  the  magnet,  from  which 
the  curves  feem  to  take  their  rife,  and  over  which 
the  filings  feem  to  be  almoft  eredl,  are  the  poles 
pf  the  magnet :  or  roll  the  magnet  or  kwlftonc 

3A2  i« 
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in  fteel  filings,  which  will  adhere  in  a  grater 
quantity,  and  more  ftrongly  to  thofe  parts  that 
are  near  the  poles ;  and  thofe  particles  which 
are  over  the  poles  will  be  perpendicular  to  the 
bar,  the  other  particles  will  incline  towards  the 
poles.  If  a  fmall  needle  be  placed  in  a  glafit 
ball  and  carried  over  the  magnetic  bar,  it  will 
(land  perpendicular  to  the  bar  when  it  is  over 
either  of  the  poles,  the  various  inclinations  of  a 
piece  of  fteel,  and  at  different  parts  of  a  magnet, 
may  be  pleafingly  obferved  by  this  litde  ap- 
paratus. 

In  this,  as  well  as  many  other  magnetical 
experiments,  a  mechanical  force  is  evidently  ex- 
erted, detaching  the  particles  of  iron  from  one 
fituation,  removing  them  to  another,  and  then 
retaining  them  there  with  confiderable  force. 

Experiment  vii. — The  poles  of  a  magnet 
may  be  aicertained  with  greater  accuracy  by 
means  of  the  fmali  dipping  needle,  fig.  117; 
place  this  on  a  magnet,  and  move  it  backwards 
and  forwards  till  the  needle  is  perpendicular  to 
the  magnet,  it  will  then  point  directly  to  one  of 
the  poles.  When  it  is  between  the  north  and 
fouth  poles,  fo  that  their  mutual  actions  ballance 
each  other,  the  center  of  the  needle  will  ftand  over 
what  is  called  the  equator  of  the  magnet,  and  the 

needle 
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needle  will  be  exactly  parallel  to  the  bar.  If  it 
is  then  removed  towards  either  pole,  it  will  be 
differently  inclined  according  to  it's  diftance 
from  the  poles. 

Experiment  viii. — Hold  a  common  fmall 
iewing  needle  (with  fome  thread  in  it's  eye) 
near  a  magnet  for  a  few  feconds,  then  bring  it 
gradually  towards  the  middle  of  a  magnetic  bar, 
and  the  powers  of  the  magnet  will  fo  far  coun- 
teract the  force  of  gravity,  as  to  keep  it  fufpended 
in  the  air,  in  a  pofition  which  is  nearly  parallel 
to  that  of  the  magnet. 

There  is  no  magnetical  attra&ion  without 
polarity ;  it  is  confequently  abfurd  to  fuppofc, 
that  a  magnet  may  have  a  ftrong  attractive 
power,  but  a  weak  polarity,  or  directive  power. 

III.  The  contrary  Poles  of  two  Magnets 

attract  each  other. 
The  North  Poles  of  two  Magnets,  when 

brought  contiguous,  repel  each  other. 

» 

The  South    Poles   also,    when   brought 
near,  repel  each  other. 

Thefe  phenomena  are  eafily  illuftrated  by  a 
variety  of  plcafing  experiments.    . 

Experiment 
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ExrntTMr.NT  ix.-77-Sufpcnd  on  a  point  a  touched 
needle,  then  picfent  towards  it's  north  pole  the 
f'nulh  pole  of  a  magnet,  ami  it  will  be  attracted 
by,  and  fly  towards  it ;  prefent  the  other  pot* 
of  the  magnet^  and  the  needle  will  fly  from  it. 

Exi'lriment  x. — Strew  a  few  ftecl  filings 
upon  a  pane  of  glafs,  put  cither  the  north  or 
fouth  pole  of  one  of  the  bars  under  the  pane; 
the  filings  wii!  rile  upon  the  glafs  as  the  magnet 
approaches-  Bring  the  fame  pole  of  the  other 
bar  dire^ly  over  that  under  the  glafs,  and  when 
it  is  at  a  proper  diftancc,  the  ftecl  filings  will 
drop  Hat  on  the  pane. 

Experiment  xi. — Fix  two  needles  horizontally 
in  two  pieces  of  cork,  and  put  them  in  water ; 
if  the  poles  of  the  fame  name  are  placed  together, 
(hey  will  mutually  repel  each  other.  If  the  poles 
of  a  contrary  denomination  are  turned  towards 
each  other,  they  will  be  attracted  and  join. 

Experiment  xii. — Dip  the  north  or  fouth 
ends  of  two  magnets  in  ftecl  filings,  which  will 
hang  in  clufters  from  the  end  of  the  bars ;  bring 
the  ends  of  the  bars  towards  each  other,  and  the 
Heel  filings  on  one  bar  will  recede  from  thole 
on  the  other.  Dip  the  fouth  pole  of  one  magnet, 
and 
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and  the  north  pole  of  the  other,  into  fteel  filings, 
then  let  the  ends  be  brought  near  to  each  other, 
and  the  tufts  of  filings  will  unite,  forming  fmall 
circular  arches. 

IV.  The  Powers  or  Properties  or  a 
Magnet  may  be  communicated  to  Iron 
or  Steel. 

To  give  a  detail  of  the  various  procefies  which 
have  been  fuggefted,  for  the  touching  or  com- 
municating the  properties  of  the  magnet  to 
iron  or  fteel,  would  alone  fill  a  volume ;  I  fhall 
therefore  only  give  an  account  of  two  general  and 
good  methods,  which  I  prefume  will  be  found 
adequate  to  every  common  purpofe. 

1.  Place  two  magnetic  bars  A  B,  fig.  100,  in 
a  line  with  the  north  or  marked  end  of  one, 
oppofed  to  the  fouth  or  unmarked  end  of  the* 
other,  but  at  fuch  a  diftance  from  each  other, 
that  the  magnet  to  be  touched  may  reft  with 
it's  marked  end  on  the  unmarked  end  of  A,  and 
it*  s  unmarked  end  on  the  marked  end  of  B ;  then 
apply  the  north  end  of  the  magnet  D  and  the 
fouth  end  of  £  to  the  middle  of  the  bar  C,  the 
oppofite  ends  being  elevated  as  in  the  figure; 
draw  D  and  £  afunder  along  the  bar  C,  one 
towards  A,  the  other  towards  B,  preferving  the 

fame 


fame  elevation,  remove  D  and  C  a  foot  or  ua 
from  the  bar  when  they  are  off  the  ends,  then 
bring  the  north  3iid  Couth  poles  of  thefc  nugnctj 
together,  and  apply  them  again  to  the  nudtttt 
of  the  bar  C  as  before  ;  repeat  the  fame  procefi 
five  or  fix  times,  then  turn  the  bar,  and  touch 
the  oppofitc  furface  in  the  lame  manner,  and 
afterwards  the  two  remaining  furfaces,  and  by 
this  means  the  bar  will  acquire  a  ftrong  fixed 
magnedfm. 

3.  Place  the  two  bars  which  arc  to  be  touched 
parallel  to  each  other,  and  then  unite  the  ends 
by  two  piece*  of  foft  iron,  called  fupporters,  in 
order  to  prefervc,  during  the  operation,  the 
circulation  of  the  magnetic  matter;  the  bars  are 
to  be  placed  fo  that  the  marked  end  0,  fig.  lot, 
'  may  be  oppofitc  the  unmarked  end  8 ;  then  place 
the  two  attracting  poles  G  and  1  on  the  middle 
of  one  of  the  bars  to  be  touched,  railing  the  ends 
fo  that  the  bars  may  form  an  obtufe  angle  of  too 
or  1 20  degrees ;  the  ends  G  and  I  of  the  bars 
are  to  be  feparated  two  or  three  tenths  of  an  inch 
from  each  other.  Keeping  the  bars  in  this  ppfi- 
tion,  move  them  fiowly  over  the  bat  A  B,  from  - 
one  end  to  the  other,  going  from  end  to  end 
about  fifteen  times.  Having  done  this,  change 
the  poles  of  the  bars,*  and  repeat  the  fame 
operation 
*  That  U,  the  marked  end  of  one  it  always  to  be  agaiuft 
the  unmarked  cud  of  the  outer. 
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Gpfetation  on  the  bar  C  D,  and  then  on  the 
oppofite  faces  of  the  bars  ?  the  touch,  thus 
communicated,  may  be  farther  increafed,  by 
/ubbing  the  different  faces  of  the  bars  with  fets 
of  magnetic  bars,  difpofed  as  in  fig.  102. 

It  feems,  that  in  order  to  render  fteel  magne- 
tical,  we  muft  fo  difpofe  the  pores  that  they 
may  form  contiguous  tubes  parallel  to  each  other, 
capable  of  receiving  the  magnetic  fluid,  and  then 
propagating  and  perpetuating  it's  motion,  fo  that 
the  magnetic  dream  may  enter  with  eafe,  and 
be  made  to  circulate  through  it  with  the  grcatefl 
force  :  to  this  end,  it  is  neceflary  to  be  particu- 
larly attentive  in  the  choice  of  the  fteel  which  is 
to  be  touched  ;  the  grain  Ihould  be  equal,  fmall, 
homogeneous,  and  without  knots,  that  it  may 
prefent  a  number  of  equal  and  uninterrupted 
channels  to  the  fluid,  from  one  end  to  the  other : 
this  is  more  immediately  important  in  the  choice 
of  the  fteel  for  the  needles  of  fea  compafles,  for 
if  the  fteel  is  impure,  or  the  mode  of  touching 
improper,  the  needle  may  have  different  poles 
communicated  to  it,  which  will  more  or  lefs 
impede  the  a&ion  of  the  principal  needle,  accord- 
ing to  their  ftrength  and  fituation. 

The  fteel  fhould  be  well  tempered,  that  the 
pores  may  preferve  for  a  long  time  the  difpofition 
fhev    have    received,    and    better  refift    thofe 
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changet  in  their  direction,  to  which  iron  xA 
fofi  fteel  are  liable.  The  difference  in  the  nature 
of  fteel  is  exceeding  great,  as  is  cafily  proved  by 
touching  in  the  fume  manner,  and  with  the  fame 
bars,  two  pieces  of  ftcelof  equal  fize,  but  of  dif- 
ferent kind. 

Steel,  that  is  hardened,  receives  a  more  perfect 
magnetifm  than  foft  fteel,  though  it  does  not 
appear  that  they  differ  from  each  other  in  any 
thing  but  ihc  arrangement  of  the  pans  ;  perhaps 
the  foft  fteel  contains  phlogifton  in  it's  large  ft 
porta,  while  hardened  Heel  ctmaim  k  in  fJ* 
fimller.  Iran,  or  fttek,  haw  vesy  fink  atf 
incorporated  in  chew  pore*;  when  they  we 
Separated  from  the  ore,  they  «•  tXpoted  to  a> 
noil  intense  degree  of  heat,  lad  noft  of  the 
changes  to  which  they  are  afterwards  fubmkted, 
are  effected  in  a  red  hot  ftatc.  A  piece  of  fpring- 
tempered  fteel  will  not  retain  as  much  magnetifm 
as  hard  fteel,  foft  fteel  ftiH  left,  and  iron  Scarce 
retains  any.  From  fome  experiments  of  Mr. 
Muffchenbroek,  it  appears,  that  when  iron  is 
united  with  an  acid,  it  will  not  become  magnc- 
tical ;  but  if  the  acid  is  feparated,  and  the  phlo- 
gifton reftored,  it  will  become  as  magnetical  at 
ever. 

The  dimenfions  and  fhape  of  a  magnet  will 

make  a  difference  in  it's  force,  therefore  the  bar* 

5  » 
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*  Co  be  touched,  fhould  neither  be  too  long  nor 
too  fhort,  but  in  proportion  to  the  thicknefs  % 
if  they  are  too  long,  the  paflage  of  the  magnetic 
matter  coming  out  of  one  pole,  and  proceed- 
ing round  the  magnet  to  enter  the  other,  will 
be  impeded,  and  it's  velocity  leflened.  If  they 
Are  too  fhort,  the  fluid,  which  comes  out  from 
one  pole,  will  be  repelled  and  thrown  back  by 
the  other  a&ing  parts  of  the  magnet,  and  thus 
be  carried  too  far  from  the  pole  into  which  it 
ought  to  enter,  and  prevent  the  continued  cir- 
culation of  the  magnetic  matter.  If  they  are 
too  thin,  then  the  number  of  pores  are  too  few 
to  receive  a  ftream  fufficiently  ftrong  to  refill  the 
obftacles  in  the  external  fpace ;  while,  if  they 
are  too  thick,  the  ftrait  and  regular  diredion 
&f  the  channel  is  injured  by  the  difficulty  which 
fakes  place  in  the  arrangement  of  the  interior 
channels,  as  the  magnetic  matter  has  not  fuffici- 
ent  force  to  penetrate  the  fteel  to  any  confide- 
rable  depth,  aijd  thijs  injures  (he  circulation  of 
the  fluid. 

All  the  pieces  fhould  be  well  polifhed;  it  is 
of  the  greateft  importance  that  the  ends  fhould 
be  flat  and  true,  fo  as  to  touch,  in  as  many  points 
as  is  poffible,  the  ends  of  foft  iron  which  keep 
up  the  circulation.  Inequalities  on  the  faces, 
(Hit  principally  near  the  poles,  are  to  be  ^voided, 
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at  thcfc  occafion  irregularities  in  the  circulation,  I 
and  thus  diminidi   it's  velocity,  which  is  ana 
of  the  principall'ources  of  magnetic  power. 

While  the  bars  arc  touching,  the  ends oi  fyft 
iron  ihould  be  kept  in  conftant  contact  with  the 
bars,  fot  a  momentary  reparation  is  fufficicnt  to 
dcflroy  the  effect  of  the  operation,  as  the  fluid 
will  be  inflamly  difperfed  in  the  air. 

The"  operator  ought  not  to  flop  longer  on  the 
firft  bar  than  is  ncccflary  to  open  the  pores,  and 
lo  arrange  them  magnetically,  paffing  immedi- 
ately to  the  other,  to  form  an  opening  for  the 
fluid  which  iflues  from  the-firft. 

it  is  moil  advantageous  to  turn  the  bar  that  is 
quitted,  while  the  touching  magnets  are  placed 
on  the  other  ;  by  this  means,  the  dream  that  is 
to  be  excited  will  difpofe  the  channels  of  the  firft, 
and  thus  render  the  operation  more  efficacious  j 
befides,  by  only  turning  one  bar  at  a  time,  the 
touching  bars  need  never  be  totally  removed, 
during  the  whole  operation,  a  circumftance 
which  will  contribute  to  the  ftrength  of  the 
magnet. 

The  touching  bars  fhould  never  be  feparated 
but  at  the  equator  of  the  magnet ;  and  their 
motion  over  the  others  fhould  be  flow  and 
regular. 

The  magnetic  power  of  touching  needles  baa 
been 
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been  increafed  by  leaving  them  for  fome  time  in 
linfeed  oil. 

It  may  contribute  to  the  effeds  of  the  ope- 
ration if  the  bars  A  and  B,  fig.  1  00,  are  placed 
in  the  direction  of  the  magnetic  meridian,  and 
are  inclined  to  the  horizon  in  an  angle  equal  to 
the  dip  of  the  needle. 

The  fixed  power,  thus  communicated  to  a 
magnet,  is  impaired  if  it  is  laid  amongft  iron, 
or  by  ruft ;  it  may  be  injured  alfo  by  fire,  as  each 
of  thefe  circumftances  will  change,  or  confufe 
the  direction  of  the  magnetic  dream. 

Place  a  fmall  magnetic  needle  on  the  point  of 
one  of  the  fmall  (lands,  and  put  it  between  two 
magnetic  bars,  fo  that  the  north  end  of  the  bar 
may  be  near  the  fouth  end  of  the  needle ;  the 
fmall  needle  will,  without  any  apparent  caufe, 
be  thrown  into  a  violent  vibratory  motion,  and 
feem  as  it  were  animated,  till  it  is  Saturated  with 
magnetifm,  when  it  will  become  quiefcent.  The 
vibratory  motion  is  probably  occafioned  by  the 
irregularity  of  the  impreffions  it  receives  from 
the  magnetic  fluid*  and  the  difficulty  that  fluids 
find  in  entering  the  needle. 

All  caufes,  that  are  capable  of  making  the 
magnetic  fluid  move  in  a  dream,  will  produce 
magnetifm  in  thofe  bodies  which  are  properly 
qualified  to  receive  it. 

If 
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If  bars  of  iron  arc  heated,  and  then  cooki 
equally,  in  various  directions,  as  parallel,  per- 
pendicular, or  inclined  to  the  dipping  needle, 
the  polarity  will  be  fixed  according  to  iheir 
pal t uon,  ftrongeft  when  they  arc  parallel  to  the 
dipping  needle,  and  fo  lefs  by  degrees,  till  (hey 
arc  perpendicular  to  it,  when  they  will  have  no 
fixed  polarity  ;  but  if,  upon  cooling  a  bar  of  iron 
in  water,  the  under  end  is  confiderably  hotter 
than  the  upper,  and  the  upper  end  is  cooled 
firft,  it  will  fometimes  become  the  north  pole, 
but  not  always.  If  iron,  or  &eel,  ttfdogo  » 
violent  attrition  in  any  one  pimcubr  part,  t\*y 
-will  acquire  a  polarity  •  if  the  iron  »  feft,  thp 
magnetifia  rejnaini  very  littU  longer  rhaq  while 
•  the  heat  continues,  lightning  i*  the  flnagefi) 
power  yet  known  in  producing  a  ftream  of  mag- 
nctifm;  it  will,  in  an  inftant,  render  hardened 
Heel  ftrongly  magnetical,  and  invert  the  pole* 
of  a  magnetic  needle. 

To  nuke  a  magnetical  bar  with  fcveraJ  poles, 
place  magnets  at  thofe  parts  where  the  poles  are 
intended  to  be,  the  poles  to  be  of  a  contrary 
name  to  thofe  required,  and  if  a  fouth  pole  is 
fixed  on  one  part,  the  two  next  places  nipft  have 
north  poles  fet  againft  them, ;  confider  each  piece 
between  the  fupporters  as  a  feparate  magnet,  and 
touch  it  accordingly. 

Experiment 
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Experiment  xiii. — Take  a  piece  of  iron 
Hire  and  bend  it  into  the  form  of  a  ftaple,  theit 
touch  the  middle  of  the  wire  ftaple  with  only 
one  of  the  poles  of  a  magnet,  without  moving 
it  backwards  or  forwards ;  the  place  where  the 
magnet  touches  the  wire  will  be  one  pole,  and  the 
two  ends  the  other  pole. 

Experiment  xiv.-^Take  any  number  of  fmall 
ft  eel  bars,  lay  them  end  to  end,  and  touch  theta ' 
while  in  this  pofition ;  when  you  feparate  them, 
there  will  be  a  north  and  a  fouth  pole  at  every 
feparation.  See  a  fimilar  experiment  in  the  eflay 
on  ele&ricity. 

Experiment  xv.-*-Touch  a  piece  of  iron  wilt, 
and  then  twift  it  about  a  large  glafs  tube  or  any 
other  cylindrical  body,  and  the  magnetic  virtue 
will  be  fo  difturbed,  that  in  fome  parts  it  will 
attraft,  and  in  others  repel  the  fame  pole  of  ar 
magnetic  needle. 

To  touch  Horseshoe  Magnets. 

As  thefe  magnets  from  their  form  are  capable 
of  fuftaining  great  weights,  and  maintaining  the 
circulation  ot  the  magnetic  fluid,  I  (hall  defcribe 
a  convenient  mode  of  touching  them. 

Place 


Place  a  pair  of  magnetic  bars  againft  the  eid* 
of  the  horfcihoe  magnet,  with  the  fouth  end  of 
the  bar  againft  that  end  of  the  horfeiboe,  which 
is  intended  to  be  the  north  (  and  the  north  end 
of  the  other  bar  to  that  which  is  to  be  thcfouih. 
The  comae*  or  lifter  of  foft  iron  to  be  placed  at 
the  other  end  of  the  bar*.  In  this  fituation  the 
magnetic  fluid  winch  circulates  through  the  bars 
will  endeavour  to  force  a  palTage  through  the 
horfcihoe  magnet,  and  thus  facilitate  the  further 
communication  of  the  magnetic  virtue  to  the 
horfcihoe  magnet :  to  this  end,  rub  the  furfaccs 
of  the  horfcihoe  with  a  pair  of  bars  placed  in 
the  form  of  a  coinpafs,  turning  the  poles  pro- 
perly towards  the  poles  of  the  horfefhoe  magna:, 
being  careful  that  thefe  bars  never  touch  the  ends 
of  the  ftrait  bars,  as  this  Would  difturb  the  cur- 
rent of  the  magnetic  fluid,  and  injure  the  opera- 
tion. If  the  bars  are  feparated  fuddenly  from 
the  horfefhoe  magnet,  it's  force  will  be  con- 
fidcrahly  diminifhedt  to  prevent  this,  flip  on 
the  lifter  or  fupportto  the  end  of  the  horfefhoe 
magnet,  but  in  fuch  a  manner,  however,  that  it 
may  not  touch  the  bars;  the  ban  may  then  be 
taken  away,  the  fupport  Aid  to  it's  place,  and 
left  there  to  ftrengthen  the  circulation  of  the 
fluid. 

To 
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To  make  an  Artificial  Loadstone. 

The  late  Dr.  Gowin  Knight  pofleffed  a  fur- 
prifing  Ikill  in  magnetifm,  being  able  to  com- 
municate an  extraordinary  degree  of  attractive 
and  repulfive  power,  and  to  alter  or  reverfe  the 
poles  at  pleafure ;  but  as  he  refufed  to  difcover 
his  methods,  thefe  curious  and  valuable  fecrets 
died  with  him.     In  the  LXIXth  volume  of  the 
Philofophical  Tranfa&ions,  however,  Mr.  Ben- 
jamin Wilfon  has  given  a  procefs,  which  dis- 
covers one   of  the  leading  principles  of  Dr. 
Knight's  art;  namely,  his   method  of  making 
artificial  loadflones. — To  this  end  Dr.  Knight 
provided  himfelf  with  a  fufficient  quantity  of 
clean  iron  filings,  he  put  them  into  a  large  tub 
more  than  one  third  filled  with  water,  he  then 
with  great  labour  worked  the  tub  to  and  fro  for 
many  hours  together*  that  the  fri&ion  between 
the  grains  of  iron,  by  this  treatment,  might  break 
off  fuch  fmalier  parts  as  would  remain  fufpended 
in  the  water  for  a  time.     The  obtaining  thefe 
very  fmall  particles  in  fufficient  quantity,  feem- 
ed  to  him  to  be  one  of  the  principal  defidgrata 
in  the  experiment.     The  water  being  by- this 
means  rendered  muddy,  be  poured  the  fafoe  into 

3C%  a  clean 
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a  clean  iron  vcflcl,  leaving  die  filings  behind, 
and  when  the  water  had  ,ftooc|  long  eraghto 
become  clear,  he  poured  it  out  carefully,  vxtfc 
out  «dtfturbiog  fuch  of  the  fediment  asfiBcc- 
mined,  which  now  appeared  reduced  atnoft 
lip  an  impalpable*  powder.    This   powder  md 
afterwards  removed  into  another  viefleL  in  order 
to  dry  it;  but  as  he  could  not  obtain  a  proper 
quantity  thereof  by  this  one  procefi,  life  was 
obliged  to  repeat  the  pried*  many  times.    Hav- 
ing  at  laft  procured  a  fuffident  quantity  of  thia 
fine  powder,,  the  next  thing  was  to  make  a  pafle 
of  it,   and  that  with  fane  vehicle  drat  fhould 
contain  a  fuffident  quantity  of  the  phkgiftic 
principle;  for  this  purpofe  he  ufidfinfted  oil, 
and  with  thole  two  ingredients  lie  made  a  puff 
paftc,  and  took  particular  care  to  knead  it  well 
before  he  moulded  it  into  convenient  fhapes. 
This  paftc  was  then  put  on  wood  or  tiles  at  about 
afoot  diftancc  from  a  moderate  fire;  a  great 
degree  of  heat  frequently  cracked  the  compofi* 
tion.    The  time  for  breaking  or   drying  this 
pafte  was  about  five  or  lix  hours,  at  which  time 
they  had  generally  attained  a  fufficient  degree 
of  hardnefs ;  when  this  was  done,  he  gave  them 
the  magnetic  virtue  in  any  diredtion  he  pleafed, 
by  placing  them  for  a  few  feconds  between  his 

large 


Magnetism.  403 

? 

large  magazine  of  artificial  magnets,  where  they 
acquired  fuch  force,  that  when  any  of  their 
pieces  were  held  between  two  of  his  belt  ten 
guinea  bars,  with  it's  poles  purpofely  inverted, 
it  immediately  turned  itfclf  about  to  recover  it's 
natural  dirc&ion,  which  the  force  of  thofe  very 
powerful  bars  were  not  able  to  counteract. 
•  Ruft  of  iron  and  common  (lone  cemented 
together  by  any  fat  fubftance  will  alfo  form  an 
artificial  loadftone. 

■ 

Of    Armed   Magnets. 

In  a  (trait  loadftone  or  magnet,  the  (tream  is 
carried  back  on  all  fides  in  curved  lines,  but 
applying  plates  of  foft  iron  to  the  poles  of  the 
magnet,  the  di  reft  ion  of  the  fluid  is  changed, 
and  it  is  conducted,  united,  and  condenfed  at 
the  feet  to  the  armour,  fo  that  if  the  feet  are 
connected  by  another  piece  of  iron  which  is  called 

• 

the  lifter,  the  (tream  proceeding  from  one  pole 
will  be  carried  by  the  lifter  to  the  other,  which 
caufes  it  to  adhere  with  confiderable  force. 

The  armour  (hould  be  made  of  foft  homo- 
geneous iron,  well  fitted  to  the  ends  of  the 
magnets;  it  (hould  alfo  be  thicker  in  proportion 
as  the  pittance  of  the  poles  from  each  other 
incr^afes, 

3.C  x  Experiment 


1 


4*4  Ah  Eiiay    ow 

Exn&iMiNT  xvi.— Place  an  armed  mqpg 
under  a  gfafi  plane  which  hat  been  ftsewedom. 
with  fled  ffliiga,  vidthefc  will  arraqgettah 
ftWe*  ia  cwra  from  one  foot  of  the  armour  foi 
the  other. 

Gaficndi  invented  t  peculiar  kind  of  warn* 
which  wa»  formed  by  piercing  a  magnet  in  fht 
dtadtionof  the  axis,  and  placing  a  cylinder  oi 
iron  in  the  hole,  which  augmented  confidently 
the  force  of  the  magnet. 

Experiment  xvu.^-Mr.  Van  Sweden  applied 
to  an  artificial  magnet  B,  fig*  xo6t  which 
fuMwfttd  floor  «mm^  bt  it*!  north  Dole*  ****b*r 
magnit  a,  fothat  it'*  north  pole  waaalmoft half 
aa  inch  from  die  pole  which  foppoittd  the 
weight,  and  this  pole  immediately  fupportcd 
(even  ounces.  Du  Hamel,  Lc  Maire,  Sec. 
have  alfo  made  many  curious  experiments  on 
this  head. 

Experiment  xviii. — Apply  a  bar  of  iron  M 
N,  fig,  107,  to  one  foot  of  an  armed  magnet, 
and  it  is  fupported  $  approach  the  iron  lifter  of 
the  magnet,  fo  that  it  may  touch  this  bar  and 
the  armour,  and  the  bar  will  fall. 

Experiment  xix. — Apply  to  the  pole  B,  fig, 

10S, 


108,  a  fmall  piece  of  pon,  nearly  as  much  as 
that  foot  of  the  armour  will  fuftain ;  let  this  piece 
pfirorj  reach  a  little  beyond  the  foot  of  the 
armour,  then  apply  the  lifter  to  the  foot  A,  fo 
that  it  may  touch  the  piece  of  iron  M,  and  the 
magnet  will  then  fupport  a  coniiderablc  addition 
of  weight. 

Experiment  xx.— If  one  end  of  the  armour 
of  a  magnet  only  juft  fuftains  an  iron  ball,  it 
will  fupport  two  or  three  balls, .  if  the  contrary 
pole  of  a  magnet  is  brought  near  it. 

Experiment  xxi. — Place  an  armed  magnet 
at  the  magnetic  equator  and  fome  diftance  from 
a  magnetic  needle,  and  mark  how  much  it  makes 
it  deviate  from  it's  fituation.  Apply  the  con- 
trary pole  of  another  magnet  to  the  end  of  the 
armed  one,  and  the  needle  will  be  more  ftrongly 
attracted. 


V.Lit 
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Y.  Let  a*  Irow  Root  be  dcactly  BALbureflfc 

A«p     W1PEITDEP     WT    A    Pf>l*T,    «  *fc  ^ 
RBVOLYK     {H   A     PlAMB    PA&AJUjtt,'  TO    nfe 

Horizok ;  *  £oiuf umcatb  .  tm  .IjUoujife 

VlRTCB  TO  TBI*  RoD>   AlfD  O**  EJrpUttfft 

will  be  always  directed  t0waju*  pk 
North. 


EXPERIMENT   XXJI.^PJtCe     WJfif  of  fig  TO- 

tpuchcd  needles  in  the  apparatus  pa  apofnt^^ 
k  may  he  fixed,  or  wjU  rappft  iq  ujr ic$ij|$0 
fituation ;  communicate"  the-  magnetic  virtue  to 
it,  and  it  will  no  loog^t^ii^di^jfiifv^^ 
ijruation,  but  will  fi*  upqa  qoc^  ^ftdkttncq  lq 
«ny  other,  one  end  pointing  (bwmfids  the  aa^ 
the  other  towards  the  fouth.   •' 

Experiment  xxni.—.Floa?  i±  magnet  on 
water  by  means  of  cork,  and  it  will  place  itfclf  in 
the  dire&ion  of  the  magnetic  meridian.  A 
terclla  floated  on  quickfilvcr  will  do  the  fame, 
the  magnetic  axis  conforming  itfclf  to  ti^e  direc- 
tion of  the  meridian. 

It  is  not  improbable,  that  in  fome  future 
period  it  may  be  difcovered,  that  moft  bodies 
are  pofleflcd  of  a  polarity,  and  will  aflume  direc- 
tions relative  to  the  various  affinities  of  the 
elements  of  which  they  are  compounded. 

5  The 
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::•  The  dire&ive  power  of  a  touched  needle  is 
of  the  greateft  importance  to  mankind,  as  it 
enables  the  mariner  to  trayerfe  the  ocean,  and 
thus  unite  the  arts,  manufactures,  and  know- 
ledge of  diftant  countries,  together.  The  fur- 
veyor,  the  miner,  and  the  aftronomer,  derive 
many  advantages  from  this  wonderful  pro- 
perty. 

The  mariner's  compafs  confifts  of  three  parts, 
the  box,  the  card  or  fly,  and  the  needle. 

The  card  is  a  circle  of  ftiff  paper  reprefenting 
the  horizon,  with  the  points  of  the  compafs 
marked  on  it ;  the  magnetical  needle  is  fixed  to 
the  under  fide  of  this  card;  the  center  of  the 
needle  is  perforated,  and  a  cap,  with  a  conical 
agate  at  it's  top,  is  fixed  in  this  perforation  ;  this 
cap  is  hung  on  a  fteel  pin,  which  is  fixed  to  the 
bottom  of  the  box,  fo  that  the  card  hanging  on 
the  pin  turns  freely  round  it's  center ;  one  of  the 
points  being  from  the  property  of  the  needle 
always  directed  towards  the  north  pole.  The 
box,  which  contains  the  card  and  needle,  is  a 
circular  brafs  box  hung  within  a  fquare  wooden 
one,  by  two  concentric  rings  called  jimbals,  fo 
fixed  by  crofs  centers  to  the  two  boxes,  that  the 
inner  one  fhall  retain  an  horizontal  pofition  in 
all  motions  of  the  fhip.     The  top  of  the  inner 

box 


(at         A»E«a**'«fc 

lu  ta  »  «*■  rf  ghlk  »  prat  tfct  <*Mw 

<d»  dUhittJ  by  the  wnd.*  ■  •  '■  * 

■"  klubcai«Iindr  otifava^Aat  tkeMdMtt 
*.  «jt  fiwn  »  tew  been  irqugfciil  <A«i 
OttOM  power  of  Hie  ii  gnu,  •-  Ttirrailj.tH 

tttt  fcftffl*  capable  'of  heitig  .fiunKlEeii'iar  MM 

^->.-. »   I     '■     *  ■  ■  i  y     ;_  ...1     i  ~¥«ii     —it   ii      -y*t    .„   i* 

■bob  KaDwteage,  is  wuai  jnaaoBnattaB  at  a 

Us  life  of  Pythagoras,  That  Pythagoras  Ink  firm 
Ji&mif,  nV  Hyperbortan,  his  golden  dart,  zzitlml 
which  itmti  unp-JIUlrfoT  him  h  find  his  read.  But 
.  tfw  authority  of  the  writer,  as  well  as  the  ob-  . 
thtrirjr  of  the  paflage,  prevents  any  conclufion 
being  draw    from  it. 

Paul  the  Venetian  is  (aid  to  have  introduced 
the  life  of  the  compafsin  1260,  but  this  is  faid 
not  to  have  been  his  own  invention,  but  borrowed 
from  the  Chincfe.  P.  Gaubil  fays,  the  direc- 
tive power  of  the  needle  was  known  to  the  Chinefc 
as  early  as  the  year  A.  D.  213,  under  the  Dy- 
nafly  of  Haz.  But  the  Abbi  Renaudor,  in  hit 
Diflerwtion  on  the  Stone,  when  the  Mahomedam 
went  firft  to  China,  has  adduced  ftrong  rcafons 


*  fiefore  the  cotnpafs  was  invented,  the  navigating  of 
(hip*  was  a  tedious  and  precinouj  operation,  and  feldora 
performed  out  of  fight  of  land;  but  this  inftnrment 
enables  the  mariner  to  travel  over  the  feat  almoft  in  at  direft 
and  (tue  a  trait,  at  the  land  carrier  directs  his  carriage  in  a 
well  beaten  road. 


r 
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to  prove,  that  the  Chinefe  knew  nothing  of  the 
mariner's  compafs,  till  it  was  introduced  there 
by  the  Europeans.  Vertomanus  affirms,  that  A. 
D.  1500  he  fa w  an  Eaft  Indian  pilot  dire/1  his 
courfe  by  a  compafs,  framed  and  fattened  like 
thofeufed  in  Europe;  but  this  muft  be  received 
with  fomc  caution,  as  Mr.  Barlow,  in  1597, 
(ays  that  in  a  perfonal  conference  with  two  Eaft 
Indians  he  was  told  by  them,  that  inftead  of  our 
compafs  they  made  ufe  of  a  magnetical  needle  of 
fix  inches  or  longer,  fet  upon  a  pin  in  a  diih  of 
white  China  earth  filled  with  water ;  that  in  the 
bottom  of  the  difh  they  had  two  crofs  lines,  to 
mark  the  four  principal  winds,  and  that  the  reft 
of  the  divifions  were  left  to  the  fkill  of  the  pilot. 
But  to  return  to  Europe,  Mr.  Perrault,  in  his 
parallel  between  the  ancients  and  the  modems, 
has  cited  fome  verfes  of  Guyot  de  Provins,  who 
wrote  in  1 1 80,  which  ftiew  diftindily  that  the 
mariner's  compafs  was  known  in  the  South  of 
France  at  that  time. 
"  There  is, "  fays  he, 

"  A  ftar  that  never  moves, 
**  And  an  art  that  ne'er  deceives, 
"  By  virtue  of  the  compafs, 
"  An  ugly  black  ftone 
"  Which  always  attra&s  iron." 
Though  by  moft  writers  the  invention  of  the 

3  D  compafs 
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compafs  is  afcrihcd  to  Flavio  Coin  of  Analfi  in 
Campanee,  who  lived  about  the  year  1300.  He 
is  tod  to  be  the  nrfl  that  applied  it  to  navigrtion 
in  the  Mediterranean. 

Mr.  de  Ijdande  informs  us,  that  in  "  Le  trifor 
de  Brunct,"  a  manufcript  in  the  French  king's 
library,  there  is  a  paflage  which  proves  that  the 
compafs  was  made  ufe  of  about  the  year  /  360. 

VI.  The  Needle  or  the  Mariner's  Compass 

DOES    NOT    POINT     EXACTLY    TO    THE   NORTH, 
BUT   |S   OBSERVED  TO    CHANCE  It's  AZIMUTH, 

pointing  sometimes  towards  the  east, 
and    sometimes    to  the  wtst  0/  the 

Meridian. 

Fig.  109,  N  S  reprcfents  the  true  meridian 
line  j  and  E  W,  the  eaft  and  weft  line  which  is 
perpendicular  to  it ;  now  the  magnetic  needle 
A  B  docs  not  diretfl  itfelf  fo  as  to  coincide  with 
the  meridian  line  N  S,  but  feparates  itfelf  fo  as 
to  form  an  angle  NCB,  at  prefent  of  about  23 
degrees. 

This  deviation  from  the  meridian  is  called 

the  variation  of  the  needle,  and  is  different  at 

'  different  parts  of  the  world,  being  weft  at  fome 

places,  eaft  at  others,  and  in  parts  where  the 

variation 
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Variation  is  of  the  fame  name,  it's  quantity  is 
very  different. 

Though  the  directive  power  of  the  compafs 
was  applied  to  the  purpofes  of  navigation  in  the 
fourteenth  and  fifteenth  century,  it  does  not 
appear,  that  there  were  any  apprehenfions  during 
that  time  of  it's  pointing  other  ways  than  due 
north  and  fouth. 

The  variation  of  the  compafs  is  faid  to  have 
been  firft  difcovered  by  Columbus,  in  his  voyage, 
the  latter  end  of  the  fifteenth  century,  for  the 
difcovery  of  that  part  of  the  world  which  is  now 
called  the  Weft  Indies.  But  the  firft  perfon  who 
difcovered  that  it  was  real,  and  was  the  feme  to 
all  needles  in  the  fame  place,  is  generally  allowed 
to  be  Sebaftion  Cabot.  This  was  about  the  year 
1497. 

After  the  variation  was  difcovered  by  Cabot, 
it  was  thoieght,  for  a  long  time,  to  be  invariably 
the  fame,  at  the  fame  places,  in  all  ages ;  but 
Mr,  Gellibrand,  about  the  year  1625,  difcover- 
ed that  it  was  different  at  different  times,  in 
the  fame  place. 

From  fucceflive  observations  made  afterwards, 
it  appears,  that  this  deviation  was  not  a  conftant 
quantity,  but  that  it  gradually  diminifhed,  and 
at  laft  about  1 660  it  was  found  that  the  needle 
pointed  due  north  at  London,  and  has  ever  fince 
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been  inereafing  to  the  weft  ward  of  the  north. 
So  that  in  any  one  place  the  variations  have  ■ 
kind  of  libratory  motion,  traversing  through  the 
north  to  unknown  limits  caftward  and  up- 
ward. 

Dr.  Hallcy  in  the  laft  century  publiihed  a 
theory  of  the  variation  of  the  compafs.  In  this 
work,  he  fuppofes  that  there  are  four  inagneric 
pole*  in  the  earth  j  two  of  which  are  fixed,  and 
two  moveable,  by  which  he  explains  thediftemu 
variation  of  the  compafs  at  different  times  in 
the  fame  place.  But  it  is  iropoffiblc  to  apply 
exact  calculations  to  fo  complicated  an  hypo- 
ihefis. 

Mr.  Eulcrhas  fhewn,  that  two  magnetic  pofes 
placed  on  the  furfacc  of  the  earth  will  fufficurntly 
account  for  the  Angular  figure  affumed  by  the 
lines  which  pafs  through  all  the  points  of  equal 
variation  in  the  chart  of  Dr.  Halley. 

Mr.  Euler  firft  examines  the  cafe  wherein  the 
two  magnetic  poles  are  directly  oppolite ;  fe- 
condly,  he  places  them  in  two  oppofite  meridians, 
but  at  unequal  diftances  from  the  poles  of  the 
world  ;  thirdly,  he  places  them  in  the  fame 
meridian ;  finally,  he  confiders  them  fituaied 
on  two  different  meridians.  Thefe  four  cafes 
may  become  equally  important ;  becaufe,  if  it  is 
determined  that  there  are  only  two  magnetic 
poles, 
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poles,  and  that  thefe  poles  change  their  fituation, 
it  may  hereafter  be  di (covered,  that  they  pifs 
through  all  the  different  pofitions. 

Mr.  Euler,  after  having  examined  the  different 
cafes,  finds  that  they  alfo  exprefs  the  earth's 
magnetifm,  as  reprefented  in  the  chart  publifhed 
by  Meflrs.  Mountaire  and  Dodfon  in  1 74-4,  par- 
ticularly throughout  Europe  and  North  America, 
if  the  following  principles  are  eftablifhed. 

Between  the  arftic  pole  and  the  magnetic  pole 
1 40  53'.  Between  the  antar&ic  and  the  other 
magnetic  pole  290  23',  530  18'  the  angle  at  the 
north  pole  formed  by  the  meridian's  patting 
through  the  two  magnetic  poles,  25o°thc  lon- 
gitude of  the  meridian,  which  pafles  over  the 
northern  magnetic  meridian. 

1.  (hall  now  give  a  fhort  defcription  of  a 
variation  compafs,  an  inftntment  which  is  ufed  to 
obferve  with  accuracy,  the  deviation  of  the  needle 
from  the  meridian.  To  this  end  it  fhould  poffefs 
the  following  properties. 

1  .  That  it  may  be  eaiily  and  accurately  placed 
in  the  meridian. 

2.  It  Ihould  indicate  fmall  variations  of  the 
nifedle. 

3.  That  the  nonius,  which  marks  the  fmall 
variation  of  the  needle,  may  be  moved  withouc 
difturbing  it. 

4.  That 
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4.  That  the  needle  may  be  ealily  taken  off  and 
inverted,  to  difcover  whether  the  line  marked  00 
the  needle  coincides  with  the  diie&ion  of  mag- 
netifra  in  the  needle. 

Fig.  1 10  reprefents  a  variation  compafs,  which 
it  is  prcfumcd  will  anfwer  the  foregoing  puxpofes. 
It  has  a  glafs  cover,  which  is  made  to  Aide  or 
or  to  be  taken  off  occafionally,  two  graduated 
arches  are  fixed  at  each  end  of  the  box  with  a 
moveable  nonius  to  each  arch,  the  noniufcs  arc 
both  moved  by  means  of  the  milled  nut  A,  with- 
out di  ft  urbing  the  lituation  of  the  needle. 

The  inftrument  is  placed  in  the  meridian  by 
a  telefcope,  whofe  line  of  collimation  is  parallel 
to  the  zero  line  of  the  inftrument.  The  rcief- 
xope  is  to  be  placed  in  two  forks,  in  the  manner 
advifed  by  Mr.  Magellan  in  his  Collection  de 
dirterens  Traitcs  fur  des  Inftrumens  D'Aftro- 
nomie,  &c.  p.  227,  where  the  reader  will  find 
fome  obfervations  on  the  adjuftments,  which  are 
too  long  to  be  introduced  in  this  eflay.  When 
the  inftrument  is  placed  in  the  meridian,  the 
method  of  obferving  is  to  move  the  northern 
nonius  till  the  middle  divifion  coincides  with  the 
line  on  that  end  of  the  needle;  and  the  nonius 
will  then  (hew  the  angle  that  end  of  the  needle 
maJtes  with  the  meridian.  If  the  line  on  the 
fouthern  end  of  the  needle  coincides  with  the 

middle 
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middle  divifion  of  it's  nonius,  the  foregoing  ob- 
fervation  is  fufficient ;  if  not,  the  fouthern  no- 
nius muft  be  moved  till  it  coincides  with  this 
end  of  the  needle,  and  the  mean  between 
the  two  numbers  thus  found  will  be  the  true 

angle. 

The  needle  is  fo  conftrudted,  that  it  may  be 
readily  taken  off  the  cap  and  inverted,  in  order 
to  obferve  with  the  under  face  of  the  needle  up- 
pcrmoft,  to  difcover  whether  the  line  on  the 
needle  is  parallel  to  the  direction  of  the  mag- 
netifm  in  the  needle,  and  hence  difcover  whether 
this  line  gives  the  true  angle  which  the  dire&ion 
of  magnetifm  makes  with  the  meridian.  Hav- 
ing made  the  obfervation  as  before  with  both 
ends  of  the  needle,  invert  and  obferve  what  is 
now  fhewn  bv  the  inverted  ends  of  the  needle, 
and  if  the  line  is  parallel  to  the  direction  of  the 
magnetifm  in  the  needle,  the  mean  of  the  ob- 
fervation with  the  inverted  ends  will  agree  with 
the  foregoing ;  on  the  other  hand,  if  it  is  not 
parallel  to  the  direction  of  magnetifm,  but  makes 
it  appear  too  much  when  the  needle  is  upright, 
it  will  appear  as  much  lefs  when  inverted,  fo 
that  the  mean  of  the  foregoing  means  is  the 
true  angle  which  the  needle  makes  with  the7  zero 
line  of  the  compafs. 

About  the  year  1722  and  1723,  Mr,  George 
Graham  made  a  great  number  of  obfervations  on 

4  the 
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the  diurnal  variations  of  the  magnetic  needle. 
In  the  year  1750,  Mr.  Wargentin  took  notice 
of  the  regular  diurnal  variation  of  the  needle ; 
and  alfo  of  it's  being  difturbed  at  the  time  of 
an  aurora  borcalis.  About  the  latter  end  of  die 
year  1756,  Mr.  Canton  began  to  make  obser- 
vations on  the  variation,  and  in  1759  communi- 
cated the  following  valuable  experiments  to  the 
Royal  Society. 

The  obfervations  were  made  by  him  for  603 
days ;  on  574,  out  of  thefe,  the  diurnal  variation 
was  regular.  The  abfolute  variation  of  the  needle 
weft  ward  was  increaSing,  from  about  eight  or  nine 
o*c lock  in  the  morning,  till  about  one  or  two  in  the 
afternoon,  when  the  needle  became  ftarionaiy  fot 
fome  time ;  alter  that  the  variation  v  eft  ward  was 
decreasing,  and  the  needle  came  back  again 
10  it's  former  Situation  in  the  night,  or  by  the 
next  morning. 

Tht  diurnal  Variation  is  irregular  when 
the  nr.edle  moves  slowly  eastward,  in' 
the   latter    part    of    the   morning,  or 

WESTWARD     IN     THE     LATTER     PaRT    OF     THE 

Afternoon;  also  when  it  moves  mich 
hther  Way  after  Night,  or  suddenly 
both  Ways  in  a  short  Time. 

Thefc  irregularities  Seldom  happen  more  than 

once 
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once  or  twice  in  a  month,  and  are  always  accom- 
panied with  an  aurora  borealis. 

The  attractive  power  of  a  magnet  will  de- 
creafe  while  it  is  heating,  and  incfeafe  while  it 
is  cooling;  the  greater  the  force  of  the  fame 
magnet,  the  more  it  will  loofe  in  a  given  degree 
of  heat. 

Experiment  xxiv.  —  About  E  N  E  from  a 
compafs,  a  little  more  than  three  inches  in 
diameter,  Mr.  Canton  placed  a  fmall  magnet 
two  inches  long,  half  an  inch  broad,  and  three- 
twentieths  of  an  inch  thick,  parallel  to  the  mag- 
netic meridian ;  and  at  fuch  a  diftance,  that  the 
power  of  the  fouth  end  of  the  magnet  was  but 
juft  fufficient  to  keep  the  north  end  of  the  needle 
to  the  N  E  point,  or  to  45  degrees. 

The  magnet  being  covered  by  a  brafs  weight 
of  fixteen  ounces,  about  two  ounces  of  boiling 
water  was  poured  into  it,  by  which  means  the 
magnet  was  gradually  heating  for  feven  or  eight 
minutes ;  and  during  that  time,  the  needle  moved 
about  three  quarters  of  a  degree  weftward,  and 
became  flationary  at  440 1 ;  in  nine  minutes 
more,  it  came  back  a  quarter  of  a  degree,  or  to 
440 1;  but  was  fome  hours  before  it  gained  it's 
farmer  fituation,  and  flood  at  45°. 

3  E  Experiment 
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Expshimimt  rxv. — On  each  fide  of  the  com. 
pafi,  and  parallel  to  the  nwagectic  meridian  he 
placed  a  ftrong  magnet,  of  the  foe  above-men- 
tioned; fetbat  thefouth  end*  of  both  theaag* 
■eu  acted  equally  on  die  north  end  «f  ckeaeaAt, 
tad  kept  «  in  the  magnetic  mfflridi— ;  Wot  if 
either  of  the  magnets  vis  removed,  the  aecdk 
was  attracted  by  the  other,  fo  as  to  flaud  at  45 
degpeei.  The  magnets  were  both  aw— i  with 
brafii  weigh u  of  fixtccn  ounces  each.  Into  the 
caflera  weight  about  two  ounces  of  boiling  water 
was  peered  1  and  the  needle  in  one  minute  mined 
half  a  degft-v,  and  continued  moving  weftward 
for  about  (even  minutes,  when  it  arrived  at  1**. 
It  waa  then  ftationary  for  fomc  time  ■.  but,  in 
twenty  (bar  minutes  from  the  beginning,  it  came 
back  to  2'i,  and  in  fifty  minutes  to  s*j.  He 
then  filled  the  weftern  weight  with  boiling  water, 
and  in  one  minute  the  needle  came  back  to  i'Jj 
in  fix  minutes  more  it  flood  half  a  degree  east- 
ward :  and  after  that,  in  about  forty  minutes, 
it  returned  to  the  magnetic  north,  et  it's  firft 
fituation. 

It  is  evident,  (hat  the  magnetic  parts  of  the 
earth  in  the  north  on  the  eaft  fide,  and  the  mag- 
netic parts  of  the  earth  in  the  north  on  the  weft 
fide  of  the  magnetic  meridian,  equally  attract 
the  north  end  of  the  needle.  If  then  the  eaftem 
magnetic 
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magnetic  parts  are  heated  fatter  by  the  fun  in 
the  morning,  than  the  weftern,  the  needle  will 
move  weftward,  and  the  abfolute  variation  will 
increafe ;  when  the  attra&ing  parts  of  the  earth 
on  each  fide  of  the  magnetic  meridian  have  their 
heat  increasing  equally,  the  needle  will  be  fta- 
tionary,  and  the  abfolute  variation  will  then  be 
greateft ;  but,  when  the  weftern  magnetic  parts 
are  either  heating  fatter,  or  cooling  flower  than 
the  eaftern,  the  needle  will  move  eaftward,  or 
the  abfolute  variation  will  decreafe ;  and  when 
the  eaftern  and  weftern  magnetic  parts  arc  cool- 
ing equally  faft,  the  needle  will  again  be  fta- 
tionary,  and  the  abfolute  variation  will  then  be 
lead.  This  may  be  ftill  further  illuftrated,  by 
placing  the  compafs  and  two  magnets,  as  in  the 
lad  experiment,  behind  a  fcreen  near  the  middle 
of  the  day  in  fummer ;  then,  if  the  fcreen  be  fo 
moved,  that  the  fun  may  fhine  only  on  the 
eaftern  magnet*  the  needle  will  fenfibly  vary  in 
it's  dire<flion,  and  move  towards  the  weft ;  and 
if  the  eaftern  magnet  be  {haded,  while  the  fun 
fliines  on  the  weftern,  the  needle  will  move  the 
contrary  way.  By  this  theory,  the  diurnal  va- 
riation in  the  fummer  ought  to  exceed  that  in 
the  winter ;  and  we  accordingly  find  by  obfer- 
vation,  that  the  diurnal  variation  in  the  months- 
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of  June  and  July  is  almoft  double  that  of  De- 
cember and  January. 

The  irregular  diurnal  variation  muil  arife 
from  fomc  other  caufc  than  that  of  heat  com- 
municated by  the  fun  :  and  here  we  mull  have 
recourfc  to  fubterrancan  heat,  which  is  gene- 
rated without  any  regularity  as  to  time,  and 
which  will,  when  it  happens  in  the  north,  af- 
fect the  attractive  power  of  the  magnetic  parts 
oF  the  earth  on  the  north  end  of  the  needle. 
The  Reverend  Dr.  Hales  has  a  good  obfem- 
tiononthis  head,  in  the  Appendix  to  the  fecond 
volume  of  his  Statical  Ei%s,  which  I  ftlall  here 
tranferibe.  "  That  the  warmth  of  the  earth,  at 
"  fome  depth  under  ground,  has  an  influence 
*'  in  promoting  a  thaw,  as  well  as  the  change  of 
*'  the  weather  from  a  freezing  to  a  thawing  flatc, 
"  is  mamfeft  from  this  obfervation ;  viz.  Nov, 
"27,  1731,  a  little  fnow  having  fallen  in  the 
"  night,  it  was,  by  eleven  the  next  morning, 
"  moftly  melted  away  on  the  furface  of  the  earth, 
"  except  in  fcveral  places  in  Bufliy-Park,  were 
"  there  were  drains  dug,  and  covered  with  earth, 
"  where  the  fnow  continued  to  lie,  whether 
**  thofe  drains  were  full  of  water,  or  dry;  as 
"  alfo  where  elm-pipes  lay  under  ground ; 
"  a  plain  proof  that  thefe  drains  intercepted 
"the 
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cc  the  warmth  of  the  earth  from  afcending  from 
4  c  greater  depths  below  them;  for  the  fnow 
lay  where  the  drain  had  more  than  four 
feet  depth  of  earth  over  it.  It  continued 
*'  alfo  to  lie  on  thatch,  tiles,  and  the  tops  of 
"walls." 

That  the  air  neareft  the  earth  will  be  moil 
warmed  by  the  heat  of  it,  is  obvious ;  and  this 
has  frequently  been  taken  notice  of  in  the  morn- 
ing, before  day,  by  means  of  thermometers  at 
different  diftances  from  the  ground,  by  the  Re- 
verend Dr.  Miles,  at  Tooting,  in  Surrey ;  and 
is  mentioned  in  p.  526,  of  the  48th  volume  of 
the  Philofophical  Tranfa<5lions. 

The  aurora  borealis,  which  happens  at  the 
time  the  needle  is  difturbed  by  the  heat  of  the 
earth,  is  fuppofed  to  be  the  elc&ricity  of  the 
heated  air  above  it ;   and  this  will  appear  chiefly 
in  the  northern  regions,  as  the  alteration  in  the 
heat  of  thofe  parts  will  be  greateft.     This  hy- 
pothefis  will  not  feem  improbable,  if  it  be  con- 
fidered,  that  ele&ricity  is  now  known  to  be  the 
caufe  of  thunder  and  lightning  ;  that  it  has  been 
extracted  from  the  air  at  the  time  of  an  ^urora 
borealis ;  that  the  inhabitants  of  the  northern 
countries  obferve  the  aurora  to  be  remarkably 
ftrong,  when  a  fudden  thaw  happens  after  fc- 
vere  cold  weather;  and  that  the  curious  in  thefe 

matters 


jo2  Am    Essay    o« 

matters  are  now  acquainted  with  a,  fubfhnce, 
that  will,  without  fntiion,  both  emit  and  ab- 
forb  the  cleclrical  fluid,  only  by  the  inemfc  or 
diminution  of  its  heat:  for  if  the  Tournula 
be  placed  on  a  plane  piece  of  heated  glafs,  or 
metal,  fo  that  each  fide  of  it,  by  being  perpen- 
dicular to  the  furface  of  the  heating  body,  may 
be  equally  heated,  it  will,  white  heating,  have 
the  electricity  of  one  of  it's  fides  pofitive,  and 
that  of  the  other  negative  i  this  will  likewifebe 
the  cafe  when  it  is  taken  out  of  boiling  water, 
and  fi i tiered  to  cool ;  but  the  lute  that  was  pofi- 
tive while  it  was  heating,  will  be  negative  while 
it  is  cooling,  and  the  tide  that  was  negative, 
will  be  pofitive. 

Ipa  Needle,  which  is  accurately  ballanced 
and  suspended  so  as  to  turn  freely  is 
a  vertical  plane,  be  rendered  magneti- 
cal,  the  North  Pole  will  be  depressed, 
and  the  South  Pole  elevated  above  the 
Horizon.  This  Property  is  called  the 
Dip  or  the  Needle. 

Fig.  in,  HO  reprefents  an  horizontal  line 

placed  in  the  magnetic  meridian  d  e,  a  line  at 

right  angles  to  it,  b  a  the  tituation  a  needle  would 

take  at   London  with  refpeel  to  the  horizon, 

making 
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making  with  the  horizontal  line  an  angle  of  79 
with  the  vertical  line. 

This  property  was  difcovered  by  Robert  Nor- 
man, about  the  year  1 576.  We  lhall  gTve  the 
account  of  the  difcovery  in  his  own  words. 

"  Having,  fays  he,  made  many  and  divers 
compafles,  and  ufing  always  to  finifh  and  end 
them  before  I  touched  the  needle,  I  found  con- 
tinually that  after  I  had  touched  the  yrons  with 
the  Hope,  that  prefently  the  north  point  thereof 
would  bend  or  decline  downwards  under  the  ho- 
rizon in  fome  quantity ;  infomuch,  that  to  the 
flic  of  the  compafs,  which  before  was  made 
equal,  I  was  dill  conftrained  to  put  fome  fmall 
piece  of  wax  in  the  fouth  part  thereof,  to  coun- 
terpoife  this  declining,  and  to  make  it  equal 
again. 

"  Which  effedl  having  many  times  palled  mjr 
hands  without  any  great  regard  thereunto,  as 
ignorant  of  any  fuch  property  in  the  done,  and 
not  before  having  heard  nor  read  of  any  fuch 
matter ;  it  chanced  at  length  that  there  came  to 
my  hands  an  inftrument  to  be  made,  with  a 
needle  of  fix  inches  long,  which  needle  after  I 
had  polifhed,  cut  off  at  juft  length,  and  made 
to  ftand  level  upon  the  pin,  fo  that  nothing 
refted  but  only  the  touching  of  it  with  the  ftont : 
when   I  had  touched   the  (anae,  prefently  the 

x  north 
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north  part  thereof  declined  down  in  fucb  fcn, 
that  being  conftrained  to  cut  away  fome  of  thai 
part  to  nuLc  it  equal  again,  in  the  end  I  cut  it 
too  Own,  and  fa  fpoilcd  the  needle  wherta  I 
had  taken  fa  much  pains. 

"  Hereby  being  ftroken  into  fome  cholar,  I 
applied  myfelf  to  feck  further  into  this  cflitt, 
and  making  certain  learned  and  expert  menfmy 
friends)  acquainted  in  this  matter,  they  adv&d 
me  to  frame  fome  inftrument,  to  irafcc  fome 
exart  trial,  how  much  the  needle  touched  with 
the  ftone  would  decline,  or  what  grcateft  angle  it 
would  make  with  the  plane  of  the  horizon." 
Thus  far  Mr.  Norman. 

The  dipping  needle,  reprefented  fig.  i  r :,  was 
conftruded  by  Dr.  Lorimer,  and  is  defcribed  in 
the  Philofophical  Tranfections,  vol.  Ixv.  part  i, 
page8i.  It  appears  to  me  better  calculated  for 
the  fea  fervice  than  any  other  I  have  feen  ;  it  is 
lets  liable  to  be  affected  by  the  motion  of  the 
{hip,  than  thofe  which  are  fufpended  by  gimbols 
fixed  to  the  upper  part  of  the  inllrumcnt,  befides 
other  advantages  which  are  derived  from  the 
double  motion  of  the  needle.  The  needle  a  k 
plays  vertically  upon  it's  own  axis,  which  has 
two  conical  points,  which  are  inverted  into  the 
oppoAte  fides  of  the  upright  parallellogram  t  d% 
into  this  parallellogram,  and  at  right  angles  to 
6  it, 
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it,  a  (lender  brafs  circle /£  h  is  fixed  ;  this  cir- 
cle is  filvered  and  graduated  to  every  half  degree 
upon  which  the  needle  fhews  the  dip :  this,  fot 
the  fake  of  diftin&ion,  is  called  the  circle  of  the 
magnetic  inclination.  The  brafs  paralleliogram, 
and  confequently  the  circle  of  inclination  alfo, 
turns  horizontally  upon  two  other  points,  the  ' 
one  above  and  the  other  below,  in  correfponding 
fockets  in  the  paralleliogram ;  thefe  points  are 
fixed  in  a  vertical  circle  / 1\  which  is  of  fuch  a 
diameter  as  to  allow  the  circle  of  inclination  and  ' 
paralleliogram  to  move  within  it.  This  fecond 
circle  rfiay  be  Called  a  general  meridian ;  it  is 
not  graduated,  but  has  a  final  1  brafs  weight  fixed 
to  the  lower  part  of  it,  to  keep  it  upright,  and 
the  circle  itfelf  is  fcrewed  at  right  angles,  into 
another  circle  of  equal  external  diameter,  which 
is  filvered  and  graduated  on  the  upper  fide  to 
every  half  degree.  It  reprcfents  the  horizon,  as 
it  fwings  freely  upon  gimbols,  and  is  always 
nearly  parallel  to  it. 

The  ufe  of  this  inftrument  is  very  plain,  as  the 
inclination  or  dip  is  at  any  time  apparent  from 
infpe&ion,  and  alfo  the  variation,  if  the  frame 
is  turned  round  till  the  great  vertical  lines  meet 
exadtly  in  the  plane  of  the  true  meridian :  for  the 
circle  of  inclination  being  always  in  the  needle's 
vertical  plane,  the  edge  of  it  will  evidently  point 
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out  upon  the  horizon  the  variation  E  «  W. 
But  at  fca,  when  there  is  not  too  much  motion, 
you  turn  the  frame  round,  till  the  verticil  circle 
is  in  the  plane  of  the  fun's  rays;   that  is,  till  the 
fhadow  of  one  fide  of  it  juft  covers  the  other, 
and  the  edge  of  the  circle  will  then  givethemag- 
netic  amplitude,  if  the  fun  is   rifing  or  fctting, 
but  the  azimuth  at  all  times  of  the  day ;  and  the 
true  amplitude  or  azimuth  being  found  in  the 
ufual  way,  the  difference  is  the  variation.    If  the 
motion  is  conliderable,  obferve  the  extremes  of 
vibration,  and  take  the  mean  for  your  magnetic 
amplitude  or  azimuth.    This  initrumeiir.  has  a 
conflant  power  in  itfclf,  not  only  of  fetting  itfelf 
in  the  proper  pofitton,    but  alfo  of  keeping  it/elf 
fo ;  or  of  reftoring  itfelf  to  the  fame  fituation, 
if  at  any  time  it  has  loft  it ;  and  it  is  curious  to 
fee  how,  by  it's  double  motion,  it  counteracts,  as 
it  were,  the  rolling  motion  of  the  veflel.    The 
degrees  fhewn  by  each  end  of  the  needle  mould 
be  attended  to,  and  the  medium  taken  for  the 
true  dip  or  variation:  alfo  apply  a  good  artificial 
riiagnet  in  fuch  manner  as  to  turn  the  paraBeJ- 
logramand  circle  of  inclination  half  way  round 
horizontally,  fo  that  the  end  of  the  axis  of  the 
needle,  which  before  pointed  to  weft,  (hall  now 
point  to  the  call  j  and  obferve  where  the  needle 
{buds,  and  if  it  differs  from  the  preceding  oh- 
fcrvation, 
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fervttion^  take  the  mean,  which  will  be  found 
us  near  the  truth  as  it  ia  poflible  for  any  inftru- 
meat  to  give, 

Description   op    a    Tbrella    and    of  the 
Magnetism  op  the  Earth* 

„  If  a  touched  needle  is  placed  near  a  magne^ 
it's  dire&ion  to  the  magnetic  needle  is  fufperw 
deda*nd  it  aHiimes  a  dire&ion  relative  to  it's 
fituation  and  diftance  from  the  poles  of  thfe 
magnet. 

Experiment  xxvi. — Place  a  final!  needle  on 
the  pointed  end  of  the  brafe  ftands,  and  then 
bring  it  near  the  magnet,  and1  die  needle  will 
4ire&  itfelf  differently,  according  to  the  diftance 
irorAthepolesof  ainagnet ;  or, 

MoVe  the  fmall  dipping  needle  over  a  magnet* 
#id  by  it's  varied  fituatioxte  it  wiU  ifluftrate  th& 
fttf egoing  obfervation ;  or, 

Thefe  relative  fituatioite  an*  tendencies  may 
hi  j!>leaGngly  obferved*  by  plicmg fevetal  touchy 
6d  needles  round  a'  magnet  at  the  fame  time. 

Fig.  113,  A  fit  reprefents  a  magnet,  3  the 
Attth  pofc,  A  the  fouth ;  ba%  b*>  ia,  &cc.  feverai 
fmall  magnetic  needles  placed  round  the  fouttt 
pde  of  the  magnet  r  ab%  ab>  at,  fimilar  needles 
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placed  round  the  north  end  ■,  a  the  north  pole  of 
thefe  neeulcs,  b  the  fouth  pole,  c  the  cenreron 
which  they  turn.  From  this  experiment  may  be 
derived  others,  accurately  inveftigating  the 
nature  of  the  magnetic  curves. 

Now,  if  the  earth  is  a  great  magnet,  or  if  a 
large  magnet  is  placed  within  it,  wc  fee  from 
the  foregoing  experiment,  that  magnetic  netdlcs 
placed  on  it's  furface  would  have  different  direc- 
tions in  different  places,  which  is  conformable 
to  experience;  and  the  apparent  irregularities 
in  the  variation  of  the  needle  muft  be  occafioned 
by  the  iituation  of  the  magnetic  poles  of  the 
earth. 

If  the  magnetic  poles  agreed  with  thole  oftbc 
earth,  there  would  be  no  variation,  and  toe  mag- 
netic needle  would  point  to  the  true  north  and 
fouth.  If  the  axis  of  the  magnetic  poles  pafTed 
through  the  center  of  the  earth,  it  wouldbc  eafy 
to  afTign  the  quantity  of  the  variation  at  every 
place ;  but  as  this  is  not  the  cafe,  to  account 
regularly  for  the  variation,  it  would  be  rtcccfery 
to  know  the  cxa&  fituarion  of  the  magnetic  poles, 
of  the  earth,  their  number,  force,  and  diftance 
from  the  real  poles,  whether  they  fhift  their 
place,  and  if  (hey  move,  the  quantity  of  motion 
every  year. 

pr.  Haller  fuppofcd  the  earth  to  be  an  hollow 
ibhereft 
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fphcrc,  with  an  internal  nucleus  in  the  cavity;  ha 
looked  upon  each  P**1  (c^e  external  and  inter- 
nal) to  be  a  feparate  magnet  endowed  with  two 
poles,  and  whofe  magnetical  axes  were  not  coin- 
cident. A  compafs  needle  on  the  furfacc  of  the 
globe  would  be  a&cd  upon  in  the  fame  manner 
93  it  would  be  by  a  magnet  with  four  poles,  and 
thus  explains  the  variation.  But  as  the  variation 
changes  in  procefs  of  time,  he  fuppofed  that  the 
poles  dp  not  keep  the  fame  pofition  with  refpeft 
to  the  furface  of  the  earth  and  one  another,  and 
accounted  for  this  ipotion,  by  fqppofing  that  the 
diurnal  motion  of  the  earth  was  imprefled  from. 
without  and  that  the  velocity  of  the  internal 
part  was  lefs  than  the  external.  Therefore  the 
nucleus  would  feem  to  turn  flowly  towards  the 
weft,  and  it's  poles  defcribe  fnvtller  circles  round 
the  poles  of  the  earth.  And  as  the  relative  pofi- 
tion  of  the  four  magnetical  poles  to  each  other, 
and  to  the  poles  of  the  earth,  is  changed,  fo  muft 
(he  direction  of  the  needle  be  varied. 

Mr.  Eukr,  who  has  confidered  the  fubjedt  in 
every  point  of  view,  and  treated  it  with  greater 
perfpicuity  than  any  other  writer,  fees  no  reafon 
for  adopting  fo  laborious  and  complicated  an  . 
hypothecs.  He  thinks  that  every  thing  may  be 
accounted  for  by  two  magnetic  poles  which  ane 
(ip(  dire&iy  oppofite  to  each  other,  or  whofe 

magnetic 
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magnetic  axis  does  not  pafs  through  the  aid 
of  the  earth,  whereby  he  avoids  marry  difficul- 
ties with  which  the  other  theory  is  incumbered. 

In  order  to  inveftigate  the  phenomena  of  the 
variation  and  rhedipof rhenecdle,  Gilbert, who 
fuppofed  the  earth  to  be  a  magnet,  ground  a 
loadftone  into  a  round  figure,  tike  a  globe,  which 
he  called  a  terclla  or  little  earth,  as  it  exhibited 
in  fome  degree  the  fame  phenomena  which  take 
place  on  the  different  pares  of  the  furface  of  the 
earth.  But  little  progrefs,  however,  was  made 
with  this  inlrrumew,  aa  it  did  not  fufficieml/ 
correfpond  with  the  nature  of  the  earth'*  mag- 
netifin.  It  ha*  lincc  received  feveral  inipnyre- 
ments  from  Mr-  Magellan,  but  ftili  remained 
very  defeilive.  The  following  improvement 
by  Dr.  Lorinier  will,  I  hope,  prove  of  eflential 
fervice,  in  difcavering  the  laws  by  which  the 
nogrff erious  properties  of  the  magnet  w  enreclfedf. 

This  teftata"  confrib  of  a-  twcWe  men.  fcrWftrfitf 
globe,  fo  contrived  thai  ffle/  two'  nenuTpforea 
may  he  firparated  or  united'  at  f\ta&n&  Two 
Ibong  artificial  magnet*  are  ptaced  wrtnlri  the? 
globe,  in  comfpontfing  focke*a  aft  mo  center  of 
each  hemifphere,  but  fo  fitted1,  tha£  irhife  the/  " 
aci  at  one  magnet,  their  extremities  or  end*  may 
he  placed  in  vaniouS  pofitiott*,  and  moveable  to: 
any  latiiude  wW»ia  jodr^ree*  of  the  polo,  and1 
an 
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ire  likScwife  moveable  round  the  a?ris  to  any  de- 
gree of  latitude  at  pleafure. 

Mr.  Savery  has  adduced  feveral  inftances  tq 
(hew  the  force  and  a&ion  of  the  earth's  mag- 
netifm ;  among  others,  that  it  will  fupport  fmall 
pieces  of  iron.  He  hung  up  a  bar  of  iron,  about 
five  feet  long,  by  a  loop  of  fmall  cord,  at  the 
tipper  end,  and  then  carefully  wiped  the  lower 
end,  and  the  point  of  a  nail,  that  there  might 
be  no  dull  or  rooifture  to  prevent  a  good  con-? 
tad ;  then  holding  the  nail  under  the  bar,  with 
it's  point  upward,  he  kept  it  clofe  to  the  bar, 
holding  only  one  finger  under  it's  head  for  the 
fpace  of  thirty  or  more  feconds,  then  withdraw* 
ing  his  finget  gently  downwards  that  the  nafy 
might  npt  vibrate ;  if  it  fell  off,  he  wiped  the 
point  as  before;  and  tried  forpe  other  part  of 
the  plane  at  the  bpttonv  of  the  bar.  If  tbe  ends 
are  fimilar,  and. the  bar  has  no  permanent  vir* 
tuc,  k  is  indifferent  which  end  is  downward*  * 
if  it  has  an  tmperfeft  degree  of  pofeuriy,  xwip  cn$ 
will  anfwer  better  than  the  other* 

Experiment  xxvii. — The  upper  end  A  of  * 
long  iron  rod,  which  has  no  fixed  polarity,  witt 
attract  the  north  eodof  a  magnetic  needle*  tfet 
under  end  B  repels  the  ftQrtfel  end  of  tbe  needle* 
invert  the  iron  bar,  and  the  end  B,  which  is 
4  now 
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now  the  upper  one,  will  attract  the  north  pcfe 
of  the  needle  that  it  repelled  before  j  the  cafe  is 
the  fame,  if  the  bar  is  placed  horizontally  in  ihe 
magnetic  meridian,  the  end  towards  the  foitth 
will  be  a  north  pole. 

Iron  bars  of  windows,  which  have  remained 
long  in  a  vertical  pofition,  acquire  a  fixed  po- 
larity. Mr.  Lcwcnhoek  mentions  an  iron  cro/i, 
which  had  acquired  a  very  ftrong'  polirity- 
Mr.  Canton  propofed  to  make  artificial  magnets 
without  the  afliflance  of  natural  oncst  but  in 
this  he  was  miilaken,  for  his  poker  and  tongs 
were  natural  magneto,  and  had  their  verticity 
fixed  by  being  heated  and  cooled  in  a  vertical 
pofition  ;  and  an  iron  or  fteel  bar,  though  with- 
out a  verticity,  while  it  remains  in  that  pofition, 
exerts  a  polarity,  and  is  able  to  communicate  a 
fixed  verticity  to  the  fmall  bar,  and  is  therefore 
for  the  time  a  natural  magnet.  And  further, 
every  iron  bar,  from  the  Urged  fize  to  a  fix-. 
penny  nail,  will  exerc  this  power  when  treated  aa 
above  mentioned.  But  how  this  power  is  raifed 
fo  loon  to  a  degree  greatly  exceeding  that  which 
communicated  it,  we  do  not  know ;  nor  is  it  more 
eafy  to  account  for  the  facility  with  which  the 
magnetic  power  is  withdrawn  by  a  friction  coo* 
trary  to  that  which  gave  it. 

Thi 
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The  Magnetic  Matter  moves  in  a  Stream 
from  one  Pole  to  the  other,  internally, 
and  is  then  carried  back  in  curved 
Lines,  externally,  till  it  arrives  again 
at  the  Pole,  where  it  first  entered,  to 
be  again  admitted. 

Experiment  xxviii. — Put  one  of  the  glaf3 
panes  over  a  magnctical  bar,  fift  fteel  filings  on 
the  glafs,  then  ftrike  the  glafs  gently,  and  the 
filings  will  difpofe  themfelves  in  fuch  a  manner 
as  to  reprefent,  with  great  exadtnefs,  the  courfc 
of  the  magnetic  matter.  The  curves  by  which 
it  returns  back  to  the  pole,  where  it  firft  en- 
tered, arc  alfo  accurately  exprefied  by  the  ar- 
rangement of  the  filings.  The  largeft  curves 
rife  from  one  polar  furface,  and  extend  to  the 
other  5  they  are  larger  in  proportion  as  they  rife 
nearer  the  axis  or  center  of  the  polar  furface ; 
the  curves,  which  arife  from  the  fides  of  a  mag- 
netical  body,  are  interior  to  thofe  which  arife  from 
the  polar  furfaces,  and  arcfmaller  and  fmaller  in 
proportion  to  their  di  (lance  from  the  ends.  That 
the  magnetic  matter  does  move  back,  in  a  direc- 
tion contrary  to  that  with  which  it  paflcs  through 
the  magnetical  body,  is  confirmed  by  it's  adtion 
on  a  fmall  compafs  needle ,  when  prefented  to 
it  at  different  places.     See  fig.  103. 

3G  The 
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The  greater  the  diflance  is  between  the  poles 
of  a  magnet,  the  larger  arc  the  curves  vbich 
ii  ilc  from  the  polar  furface. 

The  immediate  Cavsr  why  two*  or  moke 
Macnetical  Bodies  attract  each  other, 
IS  the  Passage  of  one  and  the  same  Mag- 
netical  Stream  through  them. 

Experiment  xxix. —  Let  two  magnets  be 
placed  at  fome  diftancc  from  each  other,  the 
Ibuth  pole  of  one  op,pofed  to  the  north  pole  of 
the  other,  lay  a  pane  of  glafs  over  them,  and 
fprinkleir.  with  fteel  filings,  then  ftrike  the  pane 
gently  with  a  key,  and  the  filings  will  arrange 
themfelves  in  the  direction  of  the  magnetic  vir- 
tue. The  filings  which  lay  between  the  two  po- 
lar furfaces,  and  near  the  common  axis,  are  dif- 
pofed  in  ftrait  lines  going  from  the  north  pole 
of  one,  to  the  fouth , pole  of  the  other :  the  pores 
being  now  in  the  fame  dire  c"tion,  Co  that  the  fluid 
which  paffes  through  A  B,  fig,  104,  finds  the 
pores  at  the  pole  a  open  to  receive  tbem,  it  will 
therefore  pafs  through  this,  and  coming  out  at 
b  will  turn  towards  A,  to  continue  it's  nream 
through  the  magnet,  and  thus  form  one  atmo- 
sphere or  vortex,  which  preffed,  on  all  fides,  by 
theelaftic  forceof  the  Other,  carries  the  magnet* 
towardi 
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towards  each  other.  At  different  diftances  from 
the  axis  the  filings  defcribe  regular  curve  .lines* 
ityjiich  run  from  one  pole  to  the  other,  and  di- 
verge from  each  other  in  moving  from  the  fouth 
pole,  till  they  come  half  way  ;  they  then  con- 
verge more  and  more,  till  they  arrive  at  the 
north  pole.  If  the  oppofed  poles  are  diftant 
from  each  other,  fome  arches  will  pafs  from  one 
pole  to  the  other  of  the  fame  magnet;  fewer 
will  be  formed  in  this  manner  if  they  are  brought 
nearer  together,  and  more  will  proceed  from  one 
magnet  to  the  other ;  the  ftream  of  the  mag- 
netic matter  will  feem  more  concentrated  and 
abundant. 

Experiment  xxx.— -While  the  magnets  re^ 
main  in  the  foregoing  pofition,  place  a  fmall 
untouched  bar  or  needle  in  the  ftream  of  the 
magnetic  virtue;  this  will  pafs  through  it,  and 
give  it  a  polarity  in  the  dire&ion  of  the  ftream. 

Experiment  xxxi. — On  the  fame  principle, 
a  large  key,  or  other  untouched  piece  cf  iron, 
will  attract  and  fupport  a  fmall  piece  of  iron, 
while  it  is  within  the  fphere  of  acflion  of  the  pole 
of  a  magnet,  but  will  let  them  fall  when  it  is  out 
of  the  magnetic  ftream. 

7  G  2  Experiment 
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Experiment  xxxvi. — Place  two  bars  in  a 
line  with  the  north  end  of  one  to  the  fouth  end  of 
*  the  other,  and  about  one  third  the  length  of  the 
bar  diftance  from  each  other,  to  which  diftancc 
the  power  feems  to  be  feparated  in  moft  bars  ; 
place  the  glafs  panes  on  thefe  bars,  and  then  lift 
the  filings  over  them,  and  they  Vrill  range  them- 
fclves  between  the  bars,  in  the  fame  manner 
they  •  are  ranged  about  the  middle  of  each 
bar ;  fhewing  that  when  the  powers  are  fepa- 
rated to  this  diftancc,  they  aft  much  in  the 
fame  manner  as  when  they  are  feparated  in  the 
fame  bar. 


Magnetic  Repulsion  arises  from  the 
Accumulation  of  the  Magnetic  Fluio, 
and  the  Resistance  formed  to  it's  En- 
trance in  the  Magnet. 

Experiment  xxxvii. — If  the  two  poles  of  the 
fame  name  of  two  magnets  are  brought  near  to 
each  other,  and  placed  under  a  pane  df  glafs,  on 
which  iron  filings  have  been  ftrewed,  the  filings 
will  be  difpofed  into  curves,  which  feem  to  turn 
back  from  each  other  towards  the  oppofitc  pole. 
The  fluid,  which  proceeds  from  B,  fig.  103, 
meeting  with  refiftance  from  the  pores  at  D,  is 

forced 


438  Ah    Essay    on 

forced  to  (urn  back,  and  circulate  round  it'sowa 
magnet,  and  thus  form  two  atinofphcres,  which 
act  againit  each  other,  in  proportion  to  the  force 
and  quantity  of  the  ft  ream  which  pafics  through 
ihc  magnets. 

Expkriml>.-t  xxxviii.— Take  a  fteel  needJe, 
with  a  very  fine  point,  and  rub  it  from  the  eye  to 
the  point  live  or  lix  times  with  the  north  pole  of 
a  magnetic  bar;  the  eye  will  be  the  north,  and 
the  point  the  Ibuth  pole  of  the  needle. 

The  attraction  and  rcpuHion  of  magnets  is 
not  hindered  or  inercafed  by  the  intcrpofuionot 
any  body  whatever. 

Experiment  xxxtx. — Dip  one  point  of  the 
fiecdle  in  fled  filings,  and  it  will  take  up  a  con- 
siderable quantity.  Take  the  magnetic  bar  in 
one  hand,  and  the  needle  with  the  filings  in  the 
other,  hold  them  parallel  to  the  horizon,  with 
the  point  of  the  needle  near  the  fouth  pole  of  the 
magnet,  and  the  fteel  filings  will  fall  from  the 
point  of  the  needle ;  as  foon  as  the  filings  drop 
off  from  the  point,  withdraw  it  from  the  fphere 
of  a&ion  of  the  magnet,  and  the  point  will  be  fo 
far  deprived  of  it's  attractive  quality,  that  it  will 
not  again  attract  the  fteel  filings.  If  the  needle 
is  not  taken  away,  but  continues  for  a  few  minutes 
6  about 
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about  half  an  inch  from  the  bar,  the  polarity  of 
the  needle  will  be  changed.* 

Experiment  xl. — Place  two  magnets  clofe 
to  each  other,  with  the  north  and  fouth  poles 
conjoined  together,  in  this  fituation  the  magnetic 
power  is  fo  far  counteracted  or  condenfed,  as  to 
have  very  little  efteft  on  iron,  hardly  fuftaining 
the  fmalleft  piece  ;  feparate  the  magnets  half  an 
inch,  and  they  will  fupport  a  piece  of  iron  ;  clofe 
them,  and  they  will  let  it  drop; 


Experiment  xli. — Sufpend  two  fewing  needles 
from  the  pole  of  a  magnet,  and  the  needles  will 
diverge ;  the  repulfion  will  be  augmented  by  the 
addition  of  another  magnet ;  it  is  alfo  increafed 
by  applying  a  bar  of  iron  to  the  oppofite  pole  of 
the  magnet,  and  diminilhed  by  applying  it  to  the 
fame. 

Experiment  xlii. — Bring  a  bar  of  iron 
towards  the  extremity  of  the  needles,  and  their 
repulfion  will  be  augmented. 

Experiment  xtm. — Sufpend  by  a  thread 
the  light  cylindrical  barGD,  fig.  114,  which 
has  a  round  head  at  each  end,  and  place  it  at  a 

littte 

*  Farther  Proofs,  Ac.  by  Mr  Lyon,  p.  60. 
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Utile  diftance  from  the  magnet  M,  then  bring 
an  iron  wire  EE,  near  the  lower  head  D,  and, 
the  cylinder  will  be  repelled,  but  will  be  Mtnvfr- 
cd  by  the  fame  wire  if  it  is  brought  near  the 
upper  head. 

Experiment  xliv. — Hang  a  number  of 
tails  to  each  other,  by  applying  the  firftto  the 
north  pole  of  a  magnet,  prefent  the  fouthpokof 
another  magnet  to  one  of  the  middle  balls,  and 
■11  thofc  below  it  will  thereby  be  deprived  of  the 
magnetic  dream,  and  fall  af under ;  the  ball  to 
which  the  magnet  was  applied  will  be  attracted  br 
it,  and  all  the  others  will  remain  fufpended.  If 
the  north  end  of  the  magnet  be  prefented,  then 
the  ball,  to  which  it  is  applied,  will  alio  drop. 

A  lingular  fa£l  is  related  by  fome  ancient 
writers  on  magnetifm:  That  if  two  loadftones, 
a  ftronger  and  a  weaker,  have  their  repellent 
poles  brought  together,  the  weaker  will  have  it's 
power  confufed,  and  will  not  come  to  itfclf  for 
ibme  days ;  the  polarity  of  the  part,  in  contact, 
becomes  inverted  by  the  ftronger  power  ;  but  as 
that  power  reaches  but  a  little  way  beyond  the 
polar  fur  face,  the  unaltered  power,  in  the  remain- 
ing part  of  the  Hone,  is  able,  by  it's  contrary 
force,  to  reftore  the  confufed  part  of  the  ftone  in 
a  few  days. 

It 
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It  £oes  not  appear  that  there  is  any  certain 
law  of  attraction  peculiar  to  magnetifm ;  for  in 
different  pairs  of  magnets,  the  force  will  vary 
at  different  diftances.  The  magnetic  attradtionL 
is  not  to  be  computed  from  the  center  of  the 
magnets,  bur  from  the  center  of  the  pole.* 

Though  many  experiments  have  been  made  to 
difcover,  whether  the  force  by  which  two 
magnets  arc  repelled  or  attracted,  ads  only  to  a 
certain  diftance;  whether  the  degrees  of  it's 
a&ion  within,  and  at  this  diftance,  is  uniform  ot 
variable,  and  in  what  proportion,  to  the  diftancet 
it  increafes  or  diminifhes ;  yet  we  can  only  infer 
from  them,  that  the  magnetic  power  extends 
further  at  fome  times,  than  it  does  at  others, 
and  that  the  fphere  of  it's  aftion  is  variable. 

The  fmaller  the  loadftone  or  the  magnet  is, 
the  greater  is  it's  force,  ceteris  paribus,  iA 
proportion  to  it's  fize.  When  the  axis  of  a 
magnet  is  fhort,  and  of  courfe  it's  poles  very 
near,  their  a&ion  on  each  other  weakens  the 
magnetic  force.  A  variety  of  other  caufes  will 
alfo  occafion  great  irregularity  in  the  attraQioifc 
of  magnet  ifm.  If  one  end  of  a  magnet  is  dipped 
in  fteel  filings,  we  (hall  find  that  they  sire  very  . 

3H  fcldoni 

•  The  magnetic  effefts  of  the  contrary  pole  muft  be  alfb 
confidered  in  eftimating  the  forces  of  magnetic 
repulfion* 
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fcldomdiftribufed  with  uniformity,  but  ctifpofrj 
in  Imlc  tufts,  fbme  places  more  thick  than  othen. 
The  force  of  magnetic  attraction  between  the 
Cuue  magnets,  and  at  the  fame  diffctnee,  rniy 
be  varied  by  turning  the  magnets  on  their  axu, 
and  making  Jifferenr  parts  of  the  polar  furfarcj 
regard  each  other.  If  a  ft  rong  magnet  be  applied 
to  a  weaker,  a  kind  of  repulfion  feemsto  rake 
place  even  between  two  poles  of  the  lame  name, 
but  it's  force  is  overpowered  by  the  attraction  of 
the  f;  ranger. 

Experiment  xtv.— If  a  touched  needle  is 
placed  near  a  magnet,  it's  direction  to  the  mag- 
ixiie  meridian  is  fufpended,  and  it  aflumes  a 
direction  relative  to  It's  fituatiotl  and  diftance 
from  the  poles  of  the  magnet.  Place  a  fmall 
needle  on  the  pointed  end  of  one  of  the  hrafs 
ftands,  and  then  bring  it  near  the  magnet,  the 
needle' will  dired  itfelf  differently,  according  to 
it's  diftance  from  the  poles  of  the  Magnet.  Theft 
relative  fituations  and  tendxneies  are  more 
plcafingly  obTerved  by  placing  feveral  touched 
needles  round  the  bar  at  the  fame  time.  The 
motion  of  the  finall  dipping  needle  fathtfr 
illuftrates  this  proportion.  From  the  three  laft 
experiments  various  others  of  confidence  im- 
portanoe  may  Be  derived  for  accurately  mvefli- 
6  gaiirtg 
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gfttiflg  the  curves,  according  to  which  the 
jn^gnets  ad,  and  illuftrating  further  fome  of  the 
indicate  branches  of  magnetifm. 

.  The  northern  magnetifm  is  deftroyed  by  the 
communication  of  the  fouthern,  and  vice  verfa. 
Hence  it  is  clear,  that  (he  two  magnetic  powers 
.counteract    each  other,   and    that  if  both   be 

■ 

communicated  to  the  fame  arm  of  a  magnet,  the 
magnetifm  acquired  by  the  arm  will  be  that  of 
the  ftrongeft,  an<J  as  the  difference  between  the 
two  powers. 

Two  ftrait  magnets  wi^l  not  be  weakened,  if 
they  are  laid  parallel  to  one  another,  with  poles 
of  the  oppofite  denomination  correfponding  to 
..e^ch  other,  the  ends  being  connedted  together 
J>y  pieces  of  iron,  which  will  Keep  up  and  facili- 
tate the  circulation  of  the  magnetic  fluid  through 
them ;  but  they  fhould  never  be  fuffered  to  touch 
jeach  other,  except  when  they  lie  in  the  fam$. 
jjireftion,  and  with  poles  of  contrary  names. 

A  fingle  ftrait  magnet  fliquld  be  always  kept 
•with  it's  fouth  pole  toward?  the  north,  or  down- 
wards, in  the  northern  magnetic  hemifphere> 
. jand  vice  verfa  in  the  foutl\erfi  hemifpbere.  Iron 
Ihould  never  be  lifted  but  by  the  fputh  pole  of 
a  ft  rait  magnet  in  this  hemifpherc  of  the  world. ' 

Every  kind  of  yiolent  percuflion   weakens 
.  the  power  pf  a  magnet ;  a  ftrong  magpet  has  been 

3  H  *  entirely 
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entirely  deprived  of  its  virtue  by  receiving  fevcnl 
finart  ftrokes  of  a  hammer  j  indeed,  whatever 
deranges,  or  disturbs  the  internal  pora  of  a 
magna,  will  injure  it's  magnetic  force,  asthc 
bending  of  touched  iron,  wires,  Sec. 

Exfmijunt  xlvi. — Fill  a  fmall  dry  gli5 
tube  with  iron  filings,  preft  them  in  rather  clofe, 
and  then  touch  the  tube  as  if  it  was  a  neel  bar, 
and  the  tube  wilt  attract,  a  light  needle,  &c. 
ftiakc  the  tube  fo  that  the  fituation  of  the  filing* 
may  be  diHurbcd,  and  the  magnetic  virtue  will 
vanilh. 


i  violent 


Ekpihiment  xl vii. — But  though  av 
percuflion  will  deftroy  a  fixed  rnagnmfm,  yet 
it  will  give  polarity  to  an  iron  bar  which  had 
none  before;  tor  a  tew  trnart  ftrofces of  an  ham, 
mer,  on  an  iron  bar,  will  give  it  a  polarity,  and 
by  hitting  firft  one  end  of  the  bar,  and  then  the 
other,  while  it  u  held  in  a  vertical  fituation, 
the  poles  may  be  changed.  Twin  a  long  piece  of 
'iron  wire  backwards  and  forwards  fevcral  tuna, 
then  break  it  off  at  the  twilled  part,  and  the 
broken  end  will  be  magnetical. 

•  Experiment  jlvjii. — If  a  magnet  be  cut 

fhrough  the  axis,  the  fegments,    which  were 

joWCw 


Maohitish.  445 
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joined  before,  will  avoid  and  fly  from  each 
other. 


Experiment  xlix.-— If  a  magnet  is 
by  a  fe&ion  perpendicular  to  the  axis,  the  parts 
which  were  joined  before  will  have  acquired 
contrary  poles,  one  north,  the  other  Couth*  thus 
generating  a  new  magnet  at  every  fe&ion. 

From  thefe,  and  fimiiar   experiments,   Mr* 
Eeles  infers,  that  magnctifm    confifts  of  two 
different  diftindt  powers,  which  in  their  natural 
ftate  are  conjoined,  and  exert  but  little  fenfible 
a&km,  and  ftrongly   attraft  each  other  at  all 
times ;  but  when  they  are  feparated  by  force, 
they  aft  like  thofe  of  eleftricity ;  for  if  mag- 
Betifin  is  excited  in  two  different  pieces  of  fteel 
by  the  fouth  pole  of  a  magnet,  the  ends  repel 
each  other ;  but  if  one  piece  be  excited  by  the 
aorth  pole,  and  another  by  the  fouth,  they  will 
attraft  each  other.    He  further  fuppofes,  that  a 
magnet  attra&s,  and  is  attra&ed,  not  entirely 
according  to  it's  own  ftitngth,  but  according  CD 
the  quantity  of  iron  to  be  attraded;  and  that 
fnagnetifm  is  a  quality  inherent  in  all  iron,  and 
of  which  it  cannot  be  diverted ;  for  fire,  which 
will  deftroy  a  fixed  magnetifm,  docs  not  deprive 
it  of  it's  natural  quantity ;   on  the  contrary,  it 
will  give  it  a  polarity,  or  fixed  magnetifm,  ac- 
cording 
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cording  to  the  manner  of  heating  or  cooling  of 
the  iron. 

The  powers  of  magnetifm,  like  thofenf  elec- 
friciiy,  arc  excited  and  feparated  by  fritton. 
Tb«  eticct  is  wonderful  in  both,  but  more  £b  ii 
nagiuufm,  where  [wo powers,  naturally  aarad. 
ing  each  other,  remain  feparated  in  tbcJamc 
ftcel  bar  fur  many  years,  and  yet  they  max  be 
reduced  to  their  natural  flatc  by  the  fridioB  of 
two  other  magnets,  acting  in  a  contrary  order  to 
that  by  which  the  poles  were  originally  fepa- 
rated. 

Magnetifm  and  electricity  act  ftrongeft  aj 
corners,  edges,  and  points. 

Magnetifm  may  be  communicated  to  a  froall 
flccl  needle,  by  pairing  the  difcharge  of  a  large 
battery  through  it. 

The  difcharge  of  a  battery  through  a  fma\l 
jinagnetic  needle  will  fometimes  deflrqy  the  .rnafi,- 
jietifm,  and  at  other  times  invert  the  poles  of  thfi 
.jnagnet,  which  has  alfo  beon  frequently  effected 
Jjy  lightning.* 

Experiment  l. — PUce  a    rnagnet  M,   fig, 

115,  at  a  given  difiance  from  die  needle  A  ,8, 

fig.  115,  that  it  makes  the  needle  deviate  fiwm 

•the  meridian  N  C  to  C  B,  foaming  an  angle  N 

CJ! 

*  See  Efliy  on  ElcCtricity,  p.  1 50. 
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CB  of  40  dcgre&.;  NowajpiJiy  *t&f  of  fWn  I 
to  the  magnet  M,  fo  that  it  may  be  jierpehdicukfr 
to  it,  but  onty  covering  half  the  brtadth  of  the 
ntejgtttft,  and  the  needle  will  go  back  to  30 
degrees. 

Experiment  lt. — Jlace  6ti  the  other  fide  a 
bar  V,  exadlly  fimilar  to  the  bar  I,  ahd  fituattd 
in  the  fame  manner ;  the  needle  will  be  Verv  little 
affedled,  hay,  by  altering  a  little  the  fituation  o£ 
the  bar,  the  needle  will  not  be  at  all  affe&ed  by 
it. 

Remdv*  the  bar  Y  from  the  magnet  by  a 
parallel  motion,  and  the  needle  will  approach 
itiil  nearer  the  meridian,  or,  in  other  words,  the 
a&ion  of  the  magnet  will  be  weaker. 

Experiment  hi.- tlace  a  magnet  M,  fig. 
1 16,  at  fome  diftance  from  the  needle  A  B,  and 
parallel  to  the  magnetic  meridian  N  S,  thtf 
needle  will  deviate  from  it's  fituation;  noW 
approach  (lowly  towards  the  needle  with  a  batf 
of  iron,  moving  it  in  the  equator  of  the  needle, 
and  the  attraction  of  the  needle  to  the  magnet 
\fcill  be  diminifhed,  till  a  fmall  part  of  £  of  thtf 
iron  bar  gets  beyond  the  magnet ;  when  it's  a&iofi 
will  be  confiderably  increafed,  and  the  needlt 
more  ftxtongly  attraded. 

Experiment 
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Exkrimwt  tin, — Place  a  magnet  To  that  it 
may  attract  a  needle  by  it  s  fouth  pole,  plate  one 
cod  of  a  bar  of  iron  on  the  north  pole  of  the  mag. 
net,  and  it  will  immediately  attract,  the  needle 
with  more  force. 

Experiment  tiv.— Place  a  ftrong  magnet  at 
fomc  diltance  from  a  magnetic  needle,  fo  that 
it  may  cither  not  adl  on  the  needle  or  elfe  make 
it  deviate  only  a  certain  quantity  from  the  meri- 
dian ;  apply  a  bar  of  iron  to  the  magnet,  placing 
die  bar  between  it  and  the  needle,  and  the  needle 
» immediately  agitated. 

Exprr.iMF.NT  tv. — Let  the  magnet  be  placed 
fo  near  to  the  needle  as  to  produce  a  fcnfible 
effect  on  it,  then  place  the  bar  of  iron  on  the 
pole  of  the  magnet,  defcribe  a  circle  with  the 
bar  of  iron,  and  the  action  of  the  magnet  ap- 
pears to  be  weakened,  and  the  needle  returns  to 
the  fituationit  bad  before  the  magnet  was  placed 
sear  it. 

Experiment  ivr. — Place  a  bar  of  iron  be- 
tween a  magnet  and  the  needle,  fo  that  it  may 
be  perpendicular  to  the  magnet ;  and  the  needle 
endeavours  to  recover  it's  true  fituauon,  and 


even  returns  to  it,  if  the  bar  be  thick  enough^ 
or  if  two  or  three  more  are  interpofed.* 


*  Van  Swindcn,  Memoire  fur  TEleftricite  et  ic  Mag* 
nctifme* 
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MAGNETICAL  RECREATIONS 

Box  of  Metals. 


THIS  box  contains  five  metallic  tableti,  of 
the  fame  fliapc  and  fize,  that  theytmy  be 
placed  indifcriminaiely  into  limtlar  holes  made 
in  the  bottom  of  a  box.  One  of  the  tablets  ii 
gilt  to  reprefent  gold,  the  fecond  is  filvercd  to 
reprcfent  lilver,  the  third  is  of  copper,  the  fourth 
of  tin,  and  the  fifth  oflead.  A  final!  magnetic 
bar  is  inclofcd  in  each  of  thefe  pieces  of  metal, 
but  is  placed  in  a  different  filiation  in  each  piece. 
Another  part  of  the  apparatus  is  a  fmall  mag- 
netic perfpecHve,  fumifhed  at  bottom  with  a 
magnetic  needle,  fimilar  to  thofe  in  fmall  com- 
pares ;  a  piece  of  paper  is  palled  at  the  bottom 
of  the  perfpeclive  on  the  iniide,  on  which  are 
marked  the  initials  of  the  different  metals  ;  thefe 
initials  are  fo  placed  as  to  corr  Jpond  with  the 
magnets  which  are  inclofcd  in  the  metals.  If 
this  perfpeftive  be  placed  over  any  of  the  tablets, 
fo  that  the  north  and  fouth  line  is  perpendicular 
to  the  front  of  the^jfc,  the  needle  will  point  to 
the  initial  letter  of  the  metal  over  which  it  is 
5  -&•         placed. 


placed.  Prefcnt  the  box  to  any  one  to  difpofe  of 
the  tablets  a$  he  pleafes,  then  to  fhut  the  box, 
and  to  return  it  you ;  when  by  means  of  the  per- 
Fpc&ive  you  will  be  enabled  to  tell  him  how  he 
has  placed  them. 

Communicative  Mirror. 

* 

This  apparatus  confifts  of  the  perfpe&ive  and 
ftand  reprefented  NOLMK,  fig.  118,  four 
tablets  as  R,  and  a  fmall  box  AB  with  a  drawer 
to  hold  one  of  the  tablets. 

A  fmall  circular  card  with  a  touched  needle, 
and  on  which  are  placed  four  pi&ures  at  right 
angles  to  each  other,  plays  on  a  pivot  in  the 
foot  M  K  of  the  perfpe&ive.  Over  part  of  this 
card  is  a  hole,  the  center  of  which  coincides 
with  the  center  of  the  tube  L  N.  An  inclined 
mirror  is  fixed  in  the  perfpe&ive  NO,  fo  as  to 
be  dire&ly  over  the  above-mentioned  holt. 
There  are  alfo  four  tablets,  on  each  of  which  a 
finall  piQurc  is  patted  fimilar  to  thofe  on  the 
card,  and  a  magnetic  bar  inclofed  in  each.  If 
one  of  thefe  is  placed  in  the  drawer  of  the  box 
A  B,  and  the  perfpe&ive  over  that,  as  in  fig.  1 1 8, 
and  the  fore  part  is  then  preffed  down  to  difen- 
gage  a  fpring  which  is  within  the  foot,  then  will 
the  card  place  itfelf  fo  as  to  correfpond  with  the 

3  I  a  tablet 
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tablet  in  the  drawer,  and  a  fimilar  figure  will  be 
fcen  by  looking  in  at  the  eye  end  of  the  pcrfpec- 
tivc.  Confequcntly,  it'youprefemthe  four  tablets 
10  any  perfon,  dcfiring  him  to  place  any  one  of 
them  in  the  drawer  and  conceal  the  others,  then 
ftut  the  drawer  and  return  it ;  now  place  the 
pcrfpccYive  in  a  box,  and  prefErtg  the  part  T  as 
above-mentioned,  and  you  may  (hew  him  the 
figure  on  the  tablet  he  placed  in  the  drawer,  in 
the  ey<-  end  of  the  perfpective. 

Thcfc,  and  many  other  recreations  of  this  kind 
will  be  found  in  "  Hooper's  Rational  Recre- 
ations," the  greater  part  of  which  I  have  executed 
with  improvements. 

Of  TftB  Action  of  the  Magnetic  Atmosphere. 

The  pole  of  a  magnet  produces,  on  the  part  of 
4  bar  to  which  it  is  applied,  the  pole  of  a  con- 
trary name ;  therefore,  if  two  bars  full/  touched 
have  the  poles  of  the  fame  name  joined  together, 
they  tend  to  produce  on  each  other  a  force  of  a4 
contrary  name  to  that  with  which  they  are  en- 
dowed ;  and  this  effect  will  diminifh  the  polar 
force  of  each  bar}  consequently  the  magnetic 
force  of  each  longitudinal  clement  of  au  artificial 
magnet  dirpinifhes  as  it's  bulk  is  increafed,  and 
the  total  force  of  two  magnets  fully  touched,  and 
of 
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of  the  lame  length  but  unequal  in  bulk,  will  be 
in  a  lefs  ratio  than  that  of  their  mafs. 

If  the  magnet  does  not  touch  the  bar,  but  is 
held  at  fame  diftance  from  it,  the  phenomena 
will  be  the  fame ;  but  the  bar  will  acquire  lefs 
magnetifm  than  when  it  was  in  contad  with  the 
magnet. 

Each  point  of  a  magnet  may  be  looked  on  as 
the  pole  of  a  fmaller  magnet,  tending  to  produce 
on  the  points  of  the  magnet  a  force  contrary  to 
it's  own.  The  effedl  of  this  tendency  will  be 
greater,  in  proportion  to  the  force  of  the  point, 
and  it's  nearnefs  to  thofe  points  on  which  it  ads ; 
and  the  force  of  a  magnet  will  depend  on  the 
reciprocal  action  of  thefe  points  on  e^ch  other. 

The  adion  of  a  magnetic  point  is  increafed 
according  as  the  inteniity  of  the  other  points  on  it 
increafes,  as  their  number  is  greater,  and  their 
diftance  from  it  is  lefs.  The  more  the  magnetic 
points  are  (from  phe  figure  of  the  magnet)  brought 
together,  and  the  ftronger  their  adion  on  each 
other  in  order  to  deftroy  their  reciprocal  forces, 
the  weaker  is  the  force  of  each  point. 

Hence  in  two  bars  of  the  fame  weight  and 
length  the  broadeft  will  be  the  moft  powerful, 
becaufe  it's  longitudinal  fibres  are  more  infu- 
lated. 

If  a  bar  is  divided  into  two  parts,  each  will 

receive 
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receive  a  greater  degree  of  magnetifm  thin  when 
they  were  united. 

From  the  Tame  analog)'  we  may  infer,  that  rhe 
exterior  points  and  edges  of  a  magnet  will  hive 
more  power  than  the  interior  ones  of  the  fame 
bar,  as  they  are  alfo  more  infulated. 

A  bar  is  faid  to  be  faturated  with  magneti/rn, 
if  when  fufpended  freely  in  an  horizontal  poftiion 
it  continues  to  make  the  fame  number  of  ofc il- 
lations in  the  fame  time,  though  continued  to  be 
rubbed  with  a  magnet.  As  each  point  of  a  mag- 
net tends  to  deftroy  the  magnetifm  of  the  neigh- 
bouring  parts,  the  bar  appears  to  be  in  a  forced 
or  unnatural  Hate,  and  the  magnetic  fluid  en- 
deavours to  fpread  itfelf  over  the  bar  in  an  uni- 
form manner,  and  confequently  To  weaken  and 
deftroy  it's  powers.  The  greater  part  of  what 
has  been  faid  on  the  action  of  the  particles  of 
magnetifm  on  each  other  will  be  found  equally 
applicable  to  ele&ricity. 
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zig-zag  form  86.  owing  to  the  prclTure  of  the 
atinofphcrc  87.  varies  it's  colour  88.  through 
an  ivory  ball  88.  ditto  of  box  wood  89.  of  a 
green  colour  90.  forms  a  word  91.  received 
on  a  point  92.  vita  a  glafs  rube  92.  on  dis- 
charging rods  347.  through  different  liquids 
352.  produces  inflammable  air  354. 

Spider  electric  130. 

Spiral  tube  91.  compound  ditto  348. 

Spirits  of  wine  fired  94,  95. 

Sponge  wet,  experiments  with  283. 

Stockings  filk,  experiments  with  66,  67. 

Stool,  infulating  50. 

Swan,  elc&ric  108.   magnetic  385. 

T 

Tartar,  oil  of,  in  a  glafs  tube  335. 

4  Terella, 
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Tcrclla,  dcfcriptionof  427,  430. 

_  • 

Thermometer,  eledxical  48.  mercury  raifed  in 
it  310. 

Thread,  experiments  with  69,  70.  cone  of  77, 
177. 

Thundcr-houfc,  experiment  with  174, 175. 

Torpedo,  ele&ricity  of  301. 

Tube,  fpiral  91.  compound  ditto  348.  capil- 
lary 282,  283.  glafs,  ftrong  fpark  taken  with 
92.  glafs,  for  medical  purpofes  315, 

Tumbler  78. 

Turpentine  fired  95. 

V. 

Vacuo,  experiments  on  attra&Lon  in  84.  light  in 
287  to  295. 

Vapour  a  conductor  of  eledhicity  96. 

Variation  compafs  defcribed  414.  of  the  needle 
410.  diurnal  416.  experiments  on  ditto  417 
to  422.  irregular  at  particular  times  416. 
Halley's  account  of  41 2.  Euler's  ditto  41 2. 

Vegetation  haftened  by  eledtricity  299. 

Vibratory  motion  of  the  eledtric  fluid  I2.  of 
water  163. 

Volta%  Mr,  on  eledtricity  from  evaporation  95. 
on  circuits  165.  eledrophorous  216.  on  inf- 
lation 216. 

3  L  2  Water 
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Water  difperfed  by  the  define  fhock  161.  «. 
plofion  ova  the  furfecc  of  1 6  j.  agitated  by 
the  fhock  1 63.  experiment  with  a  drop  184. 

Wax  upcr,  eJtpcriroent  with  138. 

Wax,  fcaling,  remarkable  experiment  with  40, 
285. 

Weights  raifed  by  electricity  156. 

}Vttfat  Mr.  bis  experiments  on  the  permeability 
of  gta£s  144.  on  conductors  179  to  183.  ex- 
periments on  pointed  and  knobbed  conductors 
at  the  Pantheon  328.  on  phofphorus^i. 

Wire,  melted  147,  152.  in  a  glafe  tube  153. 
lengthened  163. 

Word,  luminous  91. 
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Optical  Inftmments. 

TH  £  beft  double  jointed  (liver  fpeclaeles 

with  glafles             —                 —  I     I     • 

The  beft  ditto  with  Brazil  pebbles        — •  l  16    O 

Single  joint  filver  fpe&acles  with  glafles  o  15    O 

Ditto  with  Brazil  pebbles                    ■  1  10    O 

Double  joint  fteel  fpeftaclcs  with  glafles  o  10    6 

Another  fort  of  (Jitto                  076 

Beft  fingle  joint  fpeclaclps                —  056 

Ditto  inferior  frames                 «i  .■  036 

Nofe  fpedacles  mounted  in  filver  070 

Ditto  in  tortoifefhcll  and  filver            -*•  040 

Ditto  in  horn  and  fteel                    ■  ■■  010 
Spectacles  for  couched  eyes 
Spectacles  with  (hades 

Concave  glafles   in  horn  boxes  for   (hort 
lighted  eyes 

Ditto 
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Ditto   mounted  in  torfoifelhell   and   fitwer, 
pearl  and  ftkcr,  in  various  manners,    and 
at  different  prices 
Reading  glafle*,  from  as.  6d.  to  a 

Opera  gUifcs,  from  to*  fid.   to  ft     a    o 

Ditto  of  an  improved  con  It  ruction  lis 

Coocave  and  convex  mirrors  in  frames,  from 

*s.  6d.  to    '  —  —  tS  18    o 

Telcfcopes  of  various  lengths,  fizes,  and  prices 
Telelcopes  to  ufc  at  fca  by  night  i  it     6 

Acronuticpmfpects,  from  15s.  to  a  12    6 

Acrotnatic  telefcope*,  with  brafs  drawers, 
which  may  be  drawn  out  at  once,  and  that 
(hut  up,  conveniently  for  the  pocket,  from 

«1.   ms.  6d.  to  13  13    0 

An  optical  vadc  mccum,  or  portable  acroma- 
lie  telefcope  and  microfcope,  &c.  for 
tranfparent  and  opake  objects,   &c.  from 

3I.  13s.  6d.  to  .  4  14.    6 

A  thirty  inch  acrormtic  telefcope,  with  dif- 
ferent eye  pieces  for  terreflrial  and  celeftial 
objects,  from  81.  8s.  to  11  11    o 

Ditto  with  nek  work         *  ;-4*  -;      '  *■ 
Art  acromatic  telefcope,  about  three  feet  and 

an  half  long,  with  different  eye  pieces       18  18    o 
Reflecting  telefcopes  of  all  the  various  fizes 
A  three  foot  reflecting  telefcope  with   four 

magnifying  powers 
A  ditto  with  rack  work  —     -  36  ic    a 

A  two  foot  reflecting  telefcope,  with  rack 

work  and  four  magnifying  powers  21     o     o 

A  two  foot  reflecting  telefcope,  with  two 

magnifying  powers  12  12     o 

Art  eighteen  inch  ditto  ■  880 

A  twelve  inch  ditto  5     5° 

Double  reflecting  microfcopes,  from  3I.  131. 6d. 
■  to  -  -  -  -  21    O    o 

Ellis's  aquatic  microfcope  —  220 

Wilfon's  microfcope,  improved  —  2  12     6 

Adams's  lucernal  microfcope  for  opake  and 
tranfparent  objects,  being  the  moll  perfect 

inftniment 
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inftrument  of  the  kind  hitherto  contrived, 
affording  more  entertainment  and  inftruc- 

tion  than  any  other  inftrument  -  21  o    o 

Solar  microfcopes  -  -  5  5° 

Ditto  for  opake  obje&s  -  -  16  16    o 

Ditto  -  -  -  -  ai    o    o 

Camera  obfcuras,   from  12s.  to  -  7     7  •  • 

Glafs  prifms,  from  7s.  6d.  to  •  220 

Magic  lanthorns  -  -  15 


o 


Geographical  and  Aftronomical  Inftruments. 

Adams's  new  eighteen  inch  globes  mounted 

in  the  moil  approved  form,  from  9I.  9s.  to  27  o  • 
Ditto  in  the  Ptolemaic  or  common  manner  660 
Ditto,  twelve  inches  in  diameter,   mounted 

in  the  bed  manner,  from  5I.  5s.  to  6  16    6 

Ditto  in  the  common  manner        -  -  3    3° 

An  armillary  dialling  fphere  -         -        40     o    o 

Manual  orreries,  from  il.  is.  to  3  13    6 

Planetarium,  tellurian,  and  lunarium  31   10    o 

Adams's  improved  equatorial  dial,   or  port- 
able obfervatory,  from7l.  17s.  6d.  to  31  10     o 
Horizontal  fun  dials,  from  5s.   to          -  12120 
Univerfal  ring  dials,   from  7$.  6d.  to  3     3     o 
Tranfit  inftruments 
Aftronomical  quadrants,  from  50I.  to            800    o    o 

Mathematical  and  Surveying  Inftruments. 

Cafes  of  drawing  inftrument%from  7s.  6d.  to  35  o  o 
Neat  magazine  cafes  of  inftnkients  -  1 1  1 1  o 
Elliptical  compaffes  -.  -  440 

Beam  compaffes  with  divifions,  &c. 
Triangular  compaffes  of  a  new  conftru&ion 
Adams's  feftoral  elliptical  and  callipper  com- 
paffes in  one  inftrument,  from  4I.  14s.  6d.  to     9     9    o 
Adams's  protracting  parallel  rules,  and  uni- 
verfal plotting  fcale 
Protractors,  fe&ors,  fcales,  parallel  rules,  &c. 
A  new  inftrument    for    taking    perfpecYive 

views,  &c.  -         -  -         -  12  is    o 

A  ditto 
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kind,  from  iaL  ins.  to  jr  10  0 

Mcafering  wheels,  from  6L  6s.  to  10  to  • 

r9  from  aL  os.  to  *        ^if  0 


lUlofophictl  Infinnnents. 

InpioicdcltCDicaisnaclunestliom  y*  ijt-  6cL 

to  -  -  -         ^  .  4000 

_^  WfCinrJ  machine  and  apparatus,  in  n  bos, 
"*     from 61. 16s.  6<L  to     •  -        -       -        11  it   0 

%   2  • 


in  a  bos,  from  7l.  70.  to  -  31  10   0 

Batteries,  and*H  other  puts  of  an  eiedrical 

apparatus 
Small  (ingle  barrelled  air  pump 

Small  double  ditto  -  •  4    14    6 

A  large  ditio        -  -  -         -         6     16    6 

Table  air  pump  •  .         .  ic  10    0 

An  improved  air  pump,  fuperior  to  Smea* 

ton's  conftrudion  of  the  pump 
Apparatus  to  an  air  pump,  from  4I.  4s.  to     30    o    o 
Barometers  •         ^L-  «  220 

Ditto  -  -  -  .  2  12    6 

Barometers,  thermometers,  from  3I.  3s.  to      5    5    o 
Marine  barometers 
Thermometers,  in  mahogany  boxes,  from 

ll.  is.  to  -  -  .  1  11    6 

Ditto  with  Reaumur  and  Farrenheit's  (Scales 
Botanic  thermometers  -  .  o  18    o 

Thermometers  for  brewers,  from  12s.  to        220 
Hygrometers,  from  10s.  6d.  to  -  3  13    6 

The 
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The  mechanic  powers,  comprifed  in  a  fmall 

neat  form  -  -  -  21     o    o 

Ditto,  fitted  up  on  a  larger  fcale,  with  im« 

provemcnts 
An  apparatus  for  making  experiments  on 

accelerated,  retarded,  and  rotatary  motion 
A  mechanic  apparatus  fitted  up  for  the  pur- 

pofe  of  inftru&ing  young  people,  &c.  a6    5    o 

A  pneumatic   apparatus,  fitted  up  for  the 

lame  purpofe  -  -  '16  16    o 

An  eledtrical  apparatus,  fitted  up  on  the  fame 

plan  -  •  -  -  7     7° 

Amagnetical  apparatus,  from  2I.  12s.  6d.  to  10  10    o 
Condu&ors  for  ihips  to  preferve  tbem  from 

lightning  -  -  *  5    5    o 
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